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Bip impact of nuclear energy, both for 
war and peace, has been tremendous in 
all phases of human life. There is a growing 
realization that one of the greatest contri- 
butions is in nuclear medicine. 

Nuclear medicine is a term evolved only 
in recent years to cover the wide variety of 
uses of nuclear energy in medicine. At pres- 
ent it need not be defined more exactly. 
Admittedly, many clinical uses are still de- 
velopmental and nuclear medicine may not 
become a limited specialty in itself, but it is 
certain to continue to grow rapidly both in 
usage and scope. 

Nuclear energy as here used is in the form 
of ionizing radiation. This encompasses a 
variety of radiations and a broad range of 
energies. 

In retrospect, radiation, whether from 
atomic nuclei or from machines, has had a 
revolutionary role in the development of all 
fields of science, including medicine. How- 
ever, the early use of radioactive materials 
in medical and biologic studies was limited. 
Prior to 1932, the only radioactive isotopes 
available were the naturally occurring 
forms which normally are present only in 
minute quantities in biologic systems. This 
limited the use of radioisotopes as tracer 
atoms in biologic investigations and pre- 
cluded their use in diagnostic and thera- 
peutic applications which involve metabo- 
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lism of the radiomaterial in the patient. 


NUCLEAR TRANSFORMATION 


A great impetus to the development of 
nuclear science was the discovery by Ruth- 
erford in Ig!g that the structure of matter 
could be changed by bombarding elements 
with alpha particles from radium. He found 
when alpha particles from radium bom- 
barded nitrogen, the nitrogen nuclei were 
transformed into nuclei of oxygen. Ruther- 
ford thus had achieved the first deliberate 
artificial transformation of an atomic nu- 
cleus. 

During the 1920s, physical scientists us- 
ing the principle of Rutherford’s discovery 
continued studies of the mechanism of nu- 
clear processes. They soon realized that 
radium as a source of subatomic projectiles 
had serious limitations. Only the alpha 
particles from radium were effective in nu- 
clear transformation; the number of alpha 
particles was not sufficient for desirable ex- 
perimentation; and the energy and penetra- 
tion of alpha particles were severely 
limited. 

In 1932, another valuable contribution 
to this field was made in England when 
Cockroft and Walton built a high-voltage 
transformer-type of accelerator capable of 
producing protons with sufficient energy to 
bring about a nuclear transformation. They 
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converted two isotopes of lithium to two 
different isotopes of helium and observed 
that during the conversion, mass was con- 
verted into energy. This was the first de- 
vice to convert mass to energy, though the 
amount released was infinitesimally small. 

A great impetus to nuclear science came 
with E. O. Lawrence’s invention of the 
cyclotron; it was the result of an idea con- 
ceived by him in 1929. Instead of using a 
very high voltage for an initial accelera- 
tion of charged particles, the cyclotron em- 
ployed a magnetic field and a series of ac- 
celerations to achieve high energy particles 
with lower voltages. Lawrence and _ his 
associates using the cyclotron were able to 
demonstrate nuclear transformation in 
1932 almost immediately following that by 
Cockroft and Walton. This group at the 
University of California, Berkeley, built 
the first operating cyclotron late in 1930. 
This atom smasher, as it was then known, 
has proved to be the most useful and versa- 
tile man-made device for effecting nuclear 
transformations with accelerated high en- 
ergy particles. 

Another important contribution to nu- 
clear science was Urey’s discovery in 1932 
of deuterium or heavy hydrogen. His dis- 
covery provided a new source of subatomic 
projectiles, deuterons (nuclei of deuterium), 
and made possible the labeling of hydrogen 
so that it could be used as a tracer in living 
systems. 

Before the end of 1933, Lawrence and his 
colleagues developed a cyclotron capable 
of yielding a beam of deuterons of 3 million 
electron volts (3 mev.) and with a radiation 
intensity equivalent to enormous quantities 
of radium. The cyclotron was able to accel- 
erate protons, deuterons, and alpha parti- 
cles. 

It was also possible to produce a prolific 
stream of neutrons, the new subatomic 
particles identified by Chadwick in 1932, 
secondary to the bombardment of light 
materials with deuterons. It was not rea- 
lized that neutrons would later prove to be 
the key to the release of atomic energy and 
a copious source of radioisotopes. 

The usefulness of the cyclotron was 
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greatly extended by the Joliots’ discovery 
in 1934 of artificially induced radioactivity. 
They observed by bombarding aluminum 
foil with alpha particles that positrons con- 
tinued to be emitted after the source of 
alpha particles was removed. Almost im- 
mediately the cyclotron became an invalu- 
able tool for inducing radioactivity. 


AVAILABILITY OF RADIOISOTOPES 


It then became possible to produce radio- 
isotopes of nearly all elements in quantities 
sufficient to begin medical and biological 
research. This research, although limited, 
laid the groundwork for the later greatly 
extended utilization of radiomaterials in 
medicine. 

By the start of World War II, radioiso- 
topes were being made in cyclotrons in 
many parts of the world, but their wide- 
scale use was not possible. The cyclotron 
could produce only a limited supply of a 
very wide variety. 

Because Europe became involved earlier 
in World War II than the United States, 
radioisotope production and utilization de- 
veloped more slowly abroad in the late 
1930s than in this country. However, many 
of the significant early developments lead- 
ing to nuclear medicine were originated by 
scientists on the European continent. 

It is interesting to note that from 1941 
until 1946 the Massachusetts Institute of 
Technology cyclotron maintained essen- 
tially a 24-hour per day bombardment 
schedule, producing radiophosphorus, radio- 
iodine, and other isotopes for use in medi- 
cal research and therapy throughout this 
country and Canada. This machine was 
kept operating to supply the needs of the 
country while other cyclotron laboratories 
were either depopulated or taken over for 
wartime research. 

On December 2, 1942, Fermi and his co- 
workers at the University of Chicago 
achieved the first self-sustained nuclear 
chain reaction. From this monumental 


work has come the uranium nuclear reactor 
which has virtually eliminated lack of avail- 
ability as a major obstacle in radiosiotope 
utilization. 
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The nuclear reactor has proved to be an 
ideal production unit for radioisotopes hav- 
ing a neutron excess. Although not as wide 
a variety of radioisotopes can be produced 
in the reactor as in the cyclotron, what is 
much more important for extensive use, the 
radioisotopes can be produced in larger 
quantities at much lower cost. With the re- 
actor, it is possible to produce many differ- 
ent radioisotopes concurrently. Radioiso- 
topes of nearly all the elements can be pro- 
duced in quantities millions of times greater 
than with the cyclotron and other acceler- 
ators. There are, however, a number of ra- 
dioisotopes useful in biology and medicine 
which require cyclotron production; for ex- 
ample, beryllium 7, arsenic 74, sodium 22, 
magnesium 28, potassium 43, manganese 
§2, $4, iodine 125, and astatine 211. 

It is interesting that during the spring 
of 1945 the wartime reactor at the then 
Clinton Laboratories (now Oak Ridge Na- 
tional Laboratory), Oak Ridge, Tennessee, 
was producing radiophosphorus, but due to 
secrecy of the project, the material could 
not be distributed directly to would-be 
users. Instead, the radiophosphorus was 
sent to the Berkeley cyclotron group for re- 
distribution. Though it could not be so 
credited at the time, this was actually the 
first public distribution of reactor-produced 
isotopes. 

The first announcement of the availa- 
bility of reactor radioisotopes for public 
distribution was published in the June 14, 
1946, issue of Science. The first shipment, a 
small quantity of carbon 14, was made to 
the Barnard Free Skin and Cancer Hospital 
in St. Louis, Missouri, on August 2, 1946. 

Today, almost ten years after the Atomic 
Energy Commission first began public dis- 
tribution of radioisotopes, over 1,200 medi- 
cal institutions in this country are using 
these materials. More than 50 countries 
have received radiomaterial from the 
United States since foreign distribution be- 
gan in September, 1949. Since 1946, almost 
100,000 shipments have been made to 
radioisotope users from one Atomic Energy 
Commission facility, the Oak Ridge Na- 
tional Laboratory; a total of several hun- 
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dred thousand shipments have been made 
from commercial suppliers and Commission 
facilities. 


EARLY HISTORY OF CLINICAL APPLICATIONS 


Radioactivity was associated with medi- 
cine 35 years before the first application of 
an artificial radioisotope to a human sub- 
ject. It was only five years after Becquerel’s 
discovery in 1896 of the radioactive proper- 
ties of uranium and three years after the 
Curies in 1898 identified radium and polon- 
ium that Danlos and Block in tgor used 
radium to treat a human being. Radium 
therapy was thus initiated and has now 
been developed over a 55-year period. 

Over 20 years after Danlos and Block 
used radium therapeutically, the first ap- 
plication of radiomaterials as a biological 
tracer had its inception when Hevesy in 
1923 used a naturally-occurring isotope of 
lead (lead 212, thorium B) to study the ab- 
sorption and translocation of that element 
in plants. 

Hevesy and Hofer reported the first clini- 
cal study with stable isotopes in 1934 when 
they used deuterium to investigate the total 
water content and half life of water mole- 
cules in their own bodies. This is not only 
the first recorded tracer study with an en- 
riched stable isotope but also the first ap- 
plication of the isotope dilution principle 
which has found such widespread use in 
clinical studies. 

In the fall of 1935, an artificially pro- 
duced radioisotope was first applied to a bi- 
ologic problem when Chiewitz and Hevesy 
used radioactive phosphorus as a tracer to 
investigate the distribution and excretion 
of that element in rats. About the same 
time Schoenheimer and Rittenberg used 
deuterium to show the dynamic turnover of 
metabolites. 

Less than a year later on March 23, 1936, 
Hamilton and Stone in California employed 
the first artificially produced radioisotope 
to a clinical problem when they used cyclo- 
tron-produced sodium to investigate the 
uptake and excretion of that element in 
three patients with leukemia and _ allied 
diseases. 
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On Christmas Eve of 1936, J. H. Law- 
rence initiated the therapeutic use of artifi- 
cial radioisotopes by using phosphorus 32 
for the treatment of leukemia. The first suc- 
cessful therapy, however, did not begin 
until 1938, when J. H. Lawrence, L. A. Erf, 
L. W. Tuttle, and K. G. Scott treated a se- 
ries of leukemic and polycythemic patients. 
A little later, in the early 1940s, several 
workers, such as C. A. Doan and B. K. 
Wiseman of Ohio State University and 
J. M. Kenney, L. F. Craver and L. D. 
Marinelli of Memorial Hospital, New York 
City, began using phosphorus 32 for the 
treatment of patients. Since that time radio- 
phosphorus has proved to be the choice of 
many physicians for the treatment of pa- 
tients with polycythemia vera or chronic 
leukemia. 

The thyroid gland’s unique selective up- 
take of iodine in relatively high concentra- 
tion was known long before the era of radio- 
isotopes. It is not surprising that those 
studying the thyroid recognized early the 
potentialities of radioiodine as a research 
tool. 

In 1938, soon after learning from Karl 
Compton that Fermi and his Italian co- 
workers had prepared radioactive isotopes 
of iodine, Hertz, Roberts, and Evans in 
Boston, Massachusetts, began to use radio- 
iodine for animal studies. They were able to 
demonstrate with a Geiger-Miiller counter 
the selectivity and rapidity by which radio- 
iodine was taken up by the thyroid gland. 
Hamilton and Soley in 1939 reported thy- 
roid uptake studies in patients using radio- 
iodine and their findings substantiated 
those obtained by Hertz and his associates 
from their studies on laboratory animals. 
About the same time, radioiodine tracer 
studies were carried out by Leblond and 
Sue in France. 

The therapeutic use of radioiodine for the 
treatment of hyperthyroidism was reported 
for the first time simultaneously in 1942 by 
Hertz and Roberts, and Hamilton and 
Lawrence. Currently, as the result of over 
a decade of extensive study, many physi- 
cians believe radioiodine to be the best 
mode of therapy for hyperthyroidism, and 
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it has received almost universal acceptance 
as an aid in the diagnosis of thyroid disease. 

The capacity of metastatic carcinoma of 
the thyroid gland to accumulate radio- 
iodine was reported by Keston, Ball, 
Frantz, and Palmer in 1942. In 1943, Seid- 
lin, Marinelli and Oshray began a long- 
term treatment of a patient with a meta- 
static adenocarcinoma of the thyroid using 
iodine 131. This experimental treatment 
was initiated after tracer studies showed 
that the radioiodine concentrated in the 
metastatic lesions. Later studies, reported 
by Marinelli, Foote, Hill, and Hocker in 
1947, showed that only certain types of 
thyroid cancers accumulated radioiodine in 
significant amounts. All of the early hopes 
for radioiodine for the treatment of carci- 
noma of the thyroid have not materialized. 
It has been found that in order to obtain 
beneficial response from radioiodine the 
cancer cells must have or be induced to 
have an affinity for iodine similar to that 
of normal thyroid tissue. 

Prior to the nuclear reactor, the medical 
use of artificially produced radioisotopes 
developed slowly, primarily because few 
groups had sufficient quantities of radio- 
materials, and the necessary knowledge, 
facilities and techniques to carry out exten- 
sive research programs. 

With the tremendous wartime drive to 
attain the release of atomic energy through 
the nuclear chain reaction, there began a 
scientific team effort unparalleled in his- 
tory. This team effort not only achieved its 
primary goal but also developed knowledge, 
techniques, instrumentation and personnel 
which made possible the subsequent rapid 
development of all phases of nuclear sci- 
ence, including nuclear medicine. 


DIAGNOSTIC APPLICATIONS 


Current diagnostic procedures in which 
isotopes are used may be grouped into four 
categories: (1) dilution techniques, (2) 
physiologic localizations, (3) flow or diffu- 
sion measurements, and (4) fate of organic 
metabolites. 

As has been pointed out the first clinical 
application of the isotope dilution tech- 
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nique was made by Hevesy and Hofer in 
1934, when they used deuterium in total 
body water studies. Early studies of red 
cell volume using the principle of the dilu- 
tion technique were done by P. F. Hahn 
and associates with radioiron and by L. 
Hahn and G. Hevesy employing radiophos- 
phorus. The labeling of red cells with radio- 
iron requires a donor but permits long term 
study of cell survival, whereas a patient’s 
own red cells can be labeled with radiophos- 
phorus but can be followed for only short 
periods. Recently, techniques with chro- 
mium $51 have been developed to permit 
both in vitro labeling and long term study. 

The double-tracer dilution technique for 
study of red cell survival developed by Gib- 
son, Evans and co-workers at the Massa- 
chusetts Institute of Technology about 
1942 utilized simultaneously iron 55 and 
iron $9 and greatly expedited the develop- 
ment of a method for successful long term 
preservation of whole blood. 

The isotope dilution technique has been 
used in such clinical determinations as 
plasma volume with iodine 131-labeled 
serum albumin; red cell mass with chro- 
mium $1, iron §9, and phosphorus 32; total 
exchangeable body sodium and potassium 
with sodium 24 and potassium 42; and total 
body water with deuterium and tritium. 

The outstanding example of a diagnostic 
procedure based on physiologic localization 
is the use of radioiodine for thyroid physiol- 
ogy and dysfunction studies. It was noted 
that studies by Hertz, Roberts, and Evans, 
and Hamilton and Soley demonstrated the 
basis for this diagnostic technique late in 
the 1930s. Although the rate of uptake of 
radioiodine in the thyroid gland is indica- 
tive of its metabolism, the activity becomes 
so localized that the test is usually thought 
of as a type of localization measurement. 
Also for external scanning for nodules, ex- 
tent of gland and aberrant tissue, the diag- 
nosis is based on degree of localization. It is 
estimated that over half a million thyroid 
studies have been done with iodine 131 
since that time. 

This principle is also used in the differen- 
tiation and localization of certain benign 
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and malignant tumors and cancer metas- 
tases. Types of tumors which have been 
successfully detected include ocular tumors 
with phosphorus 32; brain tumors with io- 
dine 131-labeled human serum albumin, 
and with such positron emitters as arsenic 
74 and copper 64; and mediastinal tumors 
and carcinomas of the thyroid with radio- 
iodine. Phosphorus 32 has been used to 
localize and determine the extent of brain 
tumors during craniotomies with the aid of 
a small probe-type counter. 

The development of the scintillation 
counter, together with electronic selection 
of pulses representing a given energy range, 
greatly extends the sensitivity and useful- 
ness of localization techniques. By auto- 
matic external scanning with a highly colli- 
mated detector, maps can be obtained of 
localized gamma ray emitters, such as 
iodine 131 in the thyroid gland, iodine 131- 
labeled human serum albumin in brain tu- 
mors, and gold 198 in internal organs. Such 
maps, called “scintigrams’” or ‘“‘gamma- 
grams,” are useful in determining the size 
and shape of organs, location of active and 
inactive thyroid nodules, and presence of 
certain primary and metastatic lesions. 
Great improvements have taken place in 
gamma-scanning devices and they give 
much promise for future diagnosis. De- 
velopment of these devices for clinical 
studies are the result of work by instrument 
manufacturers and such individuals as 
H. C. Allen, Jr., Baylor University College 
of Medicine, Houston, Texas; W. V. May- 
neord, Royal Cancer Hospital, London, 
England; B. Cassen and R. L. Libby, Uni- 
versity of California, Los Angeles; F. K. 
Bauer, Veterans Administration Hospital, 
Los Angeles; H. O. Anger, Donner Labora- 
tory, University of California, Berkeley; 
and many other workers. 

Another versatile clinical procedure is the 
use of radioisotopes for flow or diffusion 
measurements. In 1924, prior to the ad- 
vent of artificially produced radioisotopes, 
Blumgart, Yens and Weiss used a naturally 
occurring radiomaterial in blood flow stud- 
ies. They determined the velocity of blood 
flow using radium C deposited on sodium 


956 
ce 
10- 4 
ll, 
d- 
ng 
nt 
ed 
he 
ed 
in 
of 
in 
es 
d. 

in 4 3 
he 
at 
a 
es 
Ww 
mi 
a 
rh 
a 

S- 
ts 2 

e, 
el 
d 
h 
ir 
1- 
ic 
il 


1032 


chloride. Later in 1937, Hamilton and 
Stone reported a study using the principle 
of this technique. They found radiosodium 
could be detected in the hand three to six 
minutes after oral administration. This 
principle also was employed by Quimby 
and Smith in 1943, when they used radio- 
sodium to study circulation time in vascu- 
lar diseases. This procedure is now em- 
ployed in studies of cardiac output, periph- 
eral vascular disorders, and other circula- 
tory investigations. 

The major contribution of isotopes to 
medical progress may well result from their 
use as analytical tools in investigating the 
body’s complex biochemical activity. Such 
use of isotopes began with the classic tracer 
studies of Hevesy and of Schoenheimer and 
Rittenberg, which showed the extremely 
dynamic processes of catabolism and anab- 
olism. 

Hundreds of isotope-labeled compounds 
have been traced through complex bio- 
chemical processes. These include phospho- 
lipids, sugars, proteins, nucleic acids, vita- 
mins, hormones, fatty acids, amino acids 
and a host of other metabolites. Studies of 
the fate and role of metabolites have in 
some instances provided, or promise to pro- 
vide, new diagnostic procedures. This cate- 
gory of diagnostic procedure, as yet rela- 
tively undeveloped, has great potential. 

Cobalt 60-labeled vitamin B-12 is cur- 
rently used as an aid in diagnosing perni- 
cious anemia. The basis for the test was 
worked out by Heinle, Glass, Rosenblum, 
Schilling and others. There is an absence 
of the Intrinsic Factor in patients with per- 
nicious anemia which prevents the absorp- 
tion of orally administered vitamin B-12. A 
lower percentage of the vitamin appears in 
the urine of pernicious anemia patients 
than in normals. By labeling vitamin B-12 
with cobalt 60, it is possible, with the aid of 
a scintillation counter, to determine ac- 
curately the percent present in the urine. 
Because of its simplicity and accuracy, this 
procedure gives promise of becoming a rou- 

tine diagnostic test. 

Another such study, which has been car- 
ried out at the University of California, is 
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that of cholesterol metabolism. If choles- 
terol in the diet is labeled, it can be traced 
unchanged into the blood. There, a portion 
remains free in the plasma while others are 
incorporated into red blood cells or are 
chemically changed in the plasma. When 
tritium-labeled cholesterol was fed to nor- 
mal persons and to patients with arterio- 
sclerosis, the tritium activity in the blood 
fractions was found to be different. The 
concentration of activity in the free choles- 
terol was normally higher than in other 
fractions making up the total. In arterio- 
sclerosis it was lower. Such investigations 
may lead toward early diagnostic tests for 
metabolic diseases. 


THERAPEUTIC APPLICATIONS 


Radium has been used therapeutically 
many years in teletherapy devices, in sur- 
face applicators, and for insertion into tis- 
sue for local irradiation. With the discovery 
of artificially produced radioactivity, the 
possibility of a third mode of treatment was 
recognized. Radioactive elements or com- 
pounds could be introduced into the body’s 
metabolism with the expectation that they 
would concentrate in specific tissues for 
localized irradiation. However, early hopes 
regarding this technique have not all been 
realized. Frequently, the radioisotope is 
not concentrated to a sufficient degree to 
allow destruction of diseased tissue without 
damage to healthy tissues. Therefore, bio- 
chemical placement of therapeutic amounts 
of radiation can be relied upon only in cer- 
tain types of cases. In these instances, valu- 
able results are obtained. 

The present therapeutic uses of radioiso- 
topes may be grouped under the three 
modes of application mentioned above: (1) 
biochemical placement, (2) physical place- 
ment, and (3) teletherapy. 

Biochemical placement is achieved prin- 
cipally in two ways: by the selective ab- 
sorption of a material needed by a particu- 
lar tissue for its function and by the differ- 
ential turnover due to the increased use of 
a material in the more rapid metabolism of 
a particular tissue. 

The classic example of a special affinity 
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between a tissue and a particular substance 
has been mentioned, that of the thyroid 
gland for iodine. The use of this selective 
action to produce a sufficiently high radia- 
tion dose to the gland from radioiodine is 
now considered a highly practical form of 
therapy of hyperthyroidism. Over 500 insti- 
tutions in this country are using radioiodine 
for this purpose. 

In 1955; Chapman and Maloof reviewed 
ten years’ experience with radioiodine in 
the treatment of hyperthyroidism at the 
Massachusetts General Hospital. During 
that time, 520 hyperthyroid patients were 
treated. Seventy-five per cent responded to 
a single dose of radioiodine, 12 per cent re- 
quired more than one dose to produce nor- 
mal thyroid function, and 8 per cent be- 
came myxedematous. The other § per cent 
gave a variety of clinical reactions. Similar 
satisfactory results have been experienced 


by many other groups, including that of 


D. E. Clark at Argonne Cancer Research 
Hospital of the University of Chicago. 
Less satisfactory results have been ex- 
perienced with the use of radioiodine for 
treating carcinoma of the thyroid. Some 
success, however, has been realized in treat- 
ing metastases from thyroid carcinomas 
which concentrate or can be induced to con- 
centrate sufficient amounts of radioiodine. 
An extension of the use of radioiodine in 
treating hyperthyroidism is the use of the 
same isotope to suppress normal thyroid 
function in selected patients suffering from 
intractable angina pectoris and congestive 
heart failure. This deliberate production of 
hypothyroidism greatly decreases the load 
on the heart and results in a diminution of 
symptoms. Workers who had been in- 
terested in depressing thyroid function in 
cardiac conditions, such as Blumgart and 
his associates, were early users of iodine 131 
for this purpose. Preliminary studies have 
been reported which suggest similar good 
results may be obtained in treating patients 
with severe pulmonary emphysema. 
Radiophosphorus has been used eftfec- 
tively in treating certain blood dyscrasias 
such as polycythemia vera and chronic leu- 
kemia. This therapy is based on a combina- 


The Development of Nuclear Medicine 1033 


tion of total-body irradiation plus a some- 
what more rapid turnover of radiophos- 
phorus in the hematopoietic system. Radio- 
phosphorus has certain advantages over 
total-body roentgen irradiation. It is less 
expensive, simpler to use and provides some 
selective irradiation of the hematopoietic 
tissues. 

Therapy by physical placement of radio- 
active materials began over 50 years ago 
with radium and radon. Artificial radioiso- 
topes offer numerous ways of extending this 
mode of therapy. Radioisotopes may be 
physically placed both in a solid form and 
as a liquid in an appropriate carrier or solu- 
tion. As solids, they are placed on a body 
surface, inserted into cavities, or implanted 
into the tissues. As liquids, they are injected 
into cavities, mingled with body fluids for 
transport to inaccessible parts, injected into 
tissues as a dispersed source in the extra- 
cellular spaces, or placed in containers, such 
as plastic envelopes or tubing, to give easily 
controlled localized irradiation. 

These methods of therapy by the physi- 
cal placement of radioisotopes may be 
placed in three categories: (1) intracavi- 
tary, (2) interstitial, and (3) external. 

Both cobalt 60 and gold 198 have been 
used as intracavitary sources. Some groups 
are using cobalt 60 solids for the intracavi- 
tary treatment of uterine cancer. Others 
have used radiocobalt for treatment of 
bladder cancer by introducing a small, 
nearly point source through a catheter into 
a bag which is distended to form a sphere 
in the bladder. Radioactive colloids, par- 
ticularly colloidal gold 198, when infused 
into the pleural or peritoneal cavities, have 
been proved effective in reducing effusion 
and ascites due to malignant disease. The 
first intracavitary use of a radiocolloid was 
by J. H. Muller of Switzerland in 1945, 
when he used cyclotron-produced zinc 63 
in the treatment of effusions secondary to 
malignancy. In 1947, P. F. Hahn and his 
associates reported the first intraperitoneal 
use of radiogold colloid. 

The use of reactor-produced radioiso- 
topes as interstitial sources of radiation has 
primarily been limited to the use of cobalt 
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60 and gold 198, but iridium 192 has been 
used by some groups. Up to the present, 
radiocobalt has been the most widely used. 
Primarily, this is because its use is so closely 
allied to that of radium with which radiolo- 
gists have had wide experience. The idea of 
using cobalt 60 and other reactor-produced 
gamma ray emitters for interstitial applica- 
tion occurred to a number of persons as 
soon as reactor-produced radioisotopes be- 
came available. W. G. Myers of Ohio State 
University was actually the first to develop 
cobalt 60 and gold 198 as discrete sources 
for interstitial irradiation, including sheath- 
ing with nylon tubing. Myers, with J. L. 
Morton and G. W. Callendine, Jr., devel- 
oped the clinical techniques of implanta- 
tion of nylon sheathed cobalt 60 and gold 
198 sources. I. Meschan and U. K. Hen- 
schke made important contributions to the 
development of techniques for interstitial 
implantation with induced gamma ray 
emitters. 

Compared with radium, radiocobalt of- 
fers a number of advantages. These include 
reasonable cost and lack of radioactive de- 
cay preducts. Its primary clinical advan- 
tages are: the beta radiation can be easily 
filtered, making possible use of thin and in- 
expensive sheathing; and multiple weak 
sources may be used, permitting individu- 
alized tailoring of the dosage pattern. 

The primary advantage of radiogold as 
an interstitial source is that it has a short 
half life and may be used in wire form en- 
cased in a non-radioactive metal sheath. It 
is possible, as with radon, to leave small 
sources in the tissue without subsequent re- 
moval. The less energetic gamma rays from 
gold 198 as compared to cobalt 60, permit 
easier shielding for protection and may pro- 
vide an advantage in the ratio of tumor 
dose to total body dose. 

Iridium 192 has certain advantages over 
cobalt 60 and gold 198 for interstitial im- 
plants since its gamma rays are less ener- 
getic than those of radiocobalt while its 
half life is longer than that of radiogold. 

Also included in interstitial therapy is 
the infiltration of gold 198 in colloidal form 
into inoperable nodes and accessible neo- 
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plasms. This technique was originated in 
1947 by P. F. Hahn while at Vanderbilt 
Medical School, Nashville, Tennessee. 

The interstitial injection of radiogold for 
the treatment of prostate carcinoma was 
first reported by Flocks, Elkins, Kerr, and 
Culp of the University of Iowa in 1951. 
This mode of therapy has given good re- 
sults in those cases in which the disease has 
extended beyond the confines of the pros- 
tatic gland, but in which there is no evi- 
dence of distant metastasis. 

P. V. Harper of the Argonne Cancer Re- 
search Hospital has used pellets of yttrium 
g0, a beta emitter, to effect hypophysec- 
tomy in metastatic cancer patients, thereby 
reducing their great discomfort and _ pro- 
longing their lives. 

As external sources of radiation, isotopes 
are being applied in various ways to skin 
cancers and other malignant lesions on or 
near the surface of the body. By the use of 
pure beta ray emitters, an intense effect is 
produced within the first few millimeters 
with little hazard to deeper normal tissue. 
Strontium go is regularly mounted as such 
a source in devices which can be applied to 
ophthalmic lesions. The use of a strontium 
go applicator was pioneered in the United 
States by H. L. Friedell and co-workers at 
Western Reserve University. This group 
had felt the need of a beta ray source to 
supplant the radon bulbs it had been using. 
By the choice of strontium, they gained a 
half life of 25 years instead of 3.8 days, 
simplicity of fabrication, and freedom from 
gamma radiation. 

The strontium 90 eye applicator has been 
used for the treatment of such conditions as 
vascularization, pterygium, vernal catarrh, 
tumors of eyelids and conjunctivae, and in- 
fections such as tuberculous sclerokeratitis. 

Solutions of radioactive compounds, such 
as phosphorus 32-active sodium phosphate, 
may be absorbed in appropriately shaped 
pads and placed in contact with cancerous 
areas of the skin, as was done as early as 
1947 by the late B.V.A. Low-Beer. An ap- 
propriate beta emitter may also be incor- 
porated in a plastic sheet for topical appli- 
cation. 
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Distance therapy by means of a gamma 
ray beam from a concentrated radioisotope 
source is a direct outgrowth of teleradium 
and roentgen treatment. Teleradium de- 
vices have been used since 1918. The first 
devices were built in Great Britain just 
after the close of World War I, at which 
time the British Air Force allocated 2.5 
grams of radium to the Medical Research 
Council. Reactor-produced radioisotopes 
now greatly extend this mode of therapy. 

High energy gamma ray emitting radio- 
isotopes, such as cobalt 60 and cesium 137, 
can now be produced in very large quanti- 
ties, hundreds of thousands of curies per 
year, at relatively low cost. Single compact 
sources are obtainable, equivalent in gam- 
ma ray output to thousands of grams of ra- 
dium. For example, cobalt 60, which is pro- 
duced routinely with a specific activity of 
§0 curies per gram, permits kilocurie source 
dimensions of one to two centimeters. In 
comparison with roentgen-ray equipment 
giving comparable depth dose, teletherapy 
units are more compact and have greater 
maneuverability for moving field therapy, 
thus making possible a wider variety of 
dosage patterns. 

The late L. G. Grimmett of M. D. Ander- 
son Hospital, Houston, Texas, along with 
Marshall Brucer of the Medical Division 
of the Oak Ridge Institute of Nuclear Stud- 
ies, and others pioneered the development 
of the cobalt 60 teletherapy unit in this 
country. Grimmett designed the first unit 
to be constructed. Ironically, his death 
came only a month before the unit was 
completed. This unit was tested and cali- 
brated at the Medical Division of the Oak 
Ridge Institute of Nuclear Studies and 
then transferred to the M. D. Anderson 
Hospital. 

Much credit for the development of tele- 
therapy units utilizing artificial radioac- 
tivity is due to the problems resolved by 
the Teletherapy Evaluation Board estab- 
lished by the Oak Ridge Institute and affili- 
ated institutions. Also major contributions 
were made by H. E. Johns of the University 
of Saskatchewan, Canada; C. B. Braestrup 
of the Francis Delafield Hospital, New 
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York; and the teletherapy group of Atomic 
Energy of Canada Limited. 

The machines fall into two classes de- 
pending upon source strength. ‘“Hecto- 
curie”’ units utilize sources of a few hundred 
curies while the sources of “‘kilocurie”’ units 

range up to a few thousand curies. Hecto- 

curie units are less expensive and more 
easily moved than the kilocurie units but 
require shorter treatment distance or longer 
exposure time. 

With the exception of radium units and 
two cesium 137 units, the 50 or more tele. 
therapy machines in operation in this coun- 
try use cobalt 60. Other hospitals have 
units in various stages of completion, but 
initial slowness of production of cobalt 60 
has delayed installation. Cobalt 60 produc- 
tion is being accelerated and soon may be 
produced in adequate quantities to meet 
medical demands. 

Cesium 137 offers some advantages over 
cobalt 60 as a teletherapy source, chiefly be- 
cause of its much longer half life (33 years 
vs. 5.3 years) and the reduced amount of 
heavy material needed to shield its less 
penetrating gamma rays (0.66 mev. vs. 
1.17-1.33 mev.). Cesium 137 has not been 
widely used in teletherapy units, princi- 
pally because it has not been available in 
large quantities. The shortage of cesium 
137 has been due to slowness in develop- 
ment of procedures and facilities for sep- 
arating it from uranium fission wastes. The 
Atomic Energy Commission’s new fission 
product separation plant now under con- 
struction should produce hundreds of thou- 
sands of curies per year. Facilities can be 
developed to extract from fission wastes 
millions of curies per year of cesium 137 
and other fission products. 


INTERNATIONAL DEVELOPMENT 


Most of the early basic discoveries in 
radioactivity, as well as in nuclear science, 
originated in Europe. Yet, it has been noted 
that the medical use of artificially produced 
radioisotopes was impeded in the European 
countries due to their early involvement in 
World War II. After the War’s end, clinical 
radioisotope programs were initiated in 
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Canada, Great Britain, Australia, France, 
Belgium, Denmark, Sweden, and several 
other countries. It is not possible to survey 
the contributions to nuclear medicine of 
investigators in all countries, but the Brit- 
ish contributions are particularly note- 
worthy. 

Prior to 1948, when radioisotopes were 
made available from the nuclear reactor at 
Harwell, the British obtained their reactor- 
produced radioisotopes from the United 
States and Canada. Some of the early 
groups to begin clinical radioisotope pro- 
grams in Great Britain were J. S. Mitchell 
at Cambridge; E. E. Pochin, at University 
College Hospital, London; W. V. May- 
neord, at the Royal Cancer Hospital in 
London; and workers at the Medical Re- 
search Council Radiotherapeutic Unit at 
the Hammersmith Hospital. W. V. Mayne- 
ord and his co-workers developed phos- 
phorus 32 bakelite and plastic eye shells 
and buttons for the treatment of ophthal- 
mic conditions, carried out therapy of the 
bladder using sodium 24 and bromine 82 in 
bags, and were early users of gold 198 col- 
loid and grains interstitially. They were the 
first group to report the use of thulium for 
radiography of the human body, the first 
radiographs being taken in November, 
1951, and one of the first to use scintilla- 
tion counters in medical work. Many de- 
velopments in the medical use of radioiso- 
topes in Great Britain are due to contribu- 
tions of H. Seligman, W. Eastwood, and 
other workers at the Atomic Energy Re- 
search Establishment, Harwell. 

Today over 50 countries are using radio- 
isotopes clinically. Several countries have 
reactors and have established radioisotope 
distribution programs. By air shipment, 
reactor-produced isotopes, with the excep- 
tion of those with very short half life, are 
routinely available to all countries. With 
the world-wide interest in nuclear reactors 
stimulated by the United Nations Confer- 
ence on Peaceful Uses of Atomic Energy at 
Geneva in August, 1955, radioisotopes 
should soon be available from reactors 
close at hand in all portions of the world. 
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NEUTRON AND OTHER NUCLEAR RADIATIONS 


A new form of nuclear radiation with pos- 
sible medical application became available 
in 1932 with the discovery of the neutron. 
When sufficient quantities of deuterium be- 
come available to permit the use of deuter- 
ons as bombarding particles, the cyclotron 
became a producer of fairly high intensities 
of neutrons. This led in 1935 to the first 
tests of the biologic effects of neutrons by 
J. H. Lawrence, P. C. Aebersold, and E. O. 
Lawrence. 

Soon Lawrence, Zirkle, Aebersold, and 
others demonstrated, using a variety of 
organisms, that the biologic effectiveness 
of neutrons as compared with roentgen rays 
(relative biological effectiveness) is differ- 
ent for various biological objects and tis- 
sues. Inasmuch as the radiation therapy of 
cancer depends to a considerable extent 
upon producing a greater biologic effect on 
cancer cells than on normal cells, it ap- 
peared worthwhile to test this new radia- 
tion in the treatment of cancer. A collima- 
tion scheme was devised to produce a beam 
of fast neutrons with a sufficient depth dose 
for deep therapy. B. V. A. Low-Beer, P. C. 
Aebersold, and J. L. Larkin treated a con- 
siderable series of patients with fast neu- 
trons with some encouraging results, but 
this mode of therapy was finally abandoned 
because of late tissue effects. 

Demonstration of the very high capture 
cross section for thermal neutrons by boron 
and lithium with the release of highly ioniz- 
ing nuclei led to tests in 1940, first by P. G. 
Kruger and later by Zahl, Cooper and Dun- 
ning, of the possible utilization of such ther- 
mal neutron processes in producing selec- 
tive irradiation in biologic material. Vari- 
ous procedures were tried for obtaining se- 
lective deposition of lithium and_ boron 
compounds in tissue for irradiation with 
slow neutrons. Although some selectivity 
in radiation effect could be demonstrated 
using animals, it was not sufficiently great 
to warrant trials in human patients. 

With the advent of the nuclear reactor, 
the possibilities of neutron capture therapy 
have been reinvestigated. The group at the 
University of California Radiation Labora- 
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tory attempted to obtain a selective irradia- 
tion with slow neutrons by deposition of 
enriched uranium 235 in animal tissues. 
Sufficient localization of the uranium 235 
for clinical purposes was not attainable, 
and another disadvantage arose in radioac- 
tive fission products being released into the 
general circulation. 

W. H. Sweet, L. E. Farr, and colleagues, 
using the high flux of thermal neutrons 
available in the nuclear reactor at Brook- 
haven National Laboratory, have under- 
taken to develop procedures for neutron 
capture therapy in brain tumdrs. In this 
latest work several factors provide a possi- 
bility for greater success than in previous 
attempts: highly enriched boron Io is used; 
collimated beams of thermal neutrons are 
available with thousands of times more in- 
tensity than with the cyclotron; treatment 
is attempted on the basis of non-equilib- 
rium selective concentration lasting for 
matters of minutes; and certain brain tu- 
mors, both because of their location and 
capillary characteristics, permit suitable 
neutron beam penetration and selective 
localization. 

Although the number of patients treated 
at Brookhaven with neutron capture ther- 
apy has been limited, it has appeared 
worthwhile to continue the studies using a 
reactor designed specifically for medical 
purposes. It is expected that several medi- 
cal reactors will be built in the United 
States in the next few years. These will not 
only provide intense beams of slow neu- 
trons but also can produce radioisotopes 
and permit gamma ray therapy using a 
secondary emitter of fission product gases. 

High energy cyclotrons, such as the 184- 
inch machine at Berkeley, can now provide 
beams of protons with sufficient penetra- 
tion for deep therapy in patients. C. A. 
Tobias in 1950 devised an_ irradiation 
scheme by which a well defined proton 
beam could be directed through very speci- 
fic locations in experimental animals. It 
was found possible, for example, to destroy 
the pituitary gland with very little destruc- 
tion of other tissue. Recently, J. H. Law- 
rence, C. A, Tobias, B. V. A. Low-Beer, and 
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colleagues extended this principle to effect 
the destruction of the pituitary gland in pa- 
tients with advanced cancer. It is apparent 
that a proton beam with an energy of sev- 
eral hundred million volts can effectively 
destroy a very localized region within a pa- 
tient without significant damage to the 
skin or surrounding tissues. Although quite 
experimental, the use of very high-energy 
heavy-particle beams may have a definite 
role in the future of nuclear medicine. 


CLINICAL TRAINING 


Progress in the medical use of radioiso- 
topes is no longer seriously limited by avail- 
ability of radiomaterial, instrumentation, 
and suitable clinical techniques. Today 
the major obstacle to the further advance 
of nuclear medicine is the lack of adequate 
training opportunities and trained persons. 

Safe and effective use of radioactive ma- 
terials requires that physicians devote am- 
ple time and study to obtain adequate 
basic training and sufficient clinical experi- 
ence. Basic training should provide a work- 
ing knowledge of principles and practices of 
radiological health safety, radioactivity 
measurement, standardization techniques, 
instruments, and biological effects of radia- 
tion. Clinical radioisotope experience should 
include active participation by the physi- 
cian in use of radioisotopes in patients and 
evaluation of the suitability of patients for 
radioisotope diagnosis or treatment. It also 
should include measurement of doses, their 
administration, management of patients, 
and be of sufficient duration to allow follow- 
up of results. 

During early days of reactor-isotope dis- 
tribution, the only way a physician could 
obtain training in clinical use of radioiso- 
topes was to participate in the program of 
a pioneer group. Assistance of these pioneer 
workers gradually increased the number of 
groups qualified to use radioisotopes for 
clinical purposes. This resulted in a steady 
increase in the number of places where 
others could obtain the same kind of infor- 
mal training. 

Even today, after a decade of public dis- 
tribution of reactor-produced radioisotopes, 
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most would-be users still have to rely 
largely on informal preceptor type training. 
This means that thousands of physicians 
still know little of isotope diagnosis and 
therapy. Most younger physicians being 
graduated from medical schools likewise 
have learned little about nuclear medicine. 

Formal courses in clinical radioisotope 
techniques are offered by only about 30 
hospitals and medical schools in this coun- 
try. In most instances enrollment is very 
limited. Although coverage of subject ma- 
terial is usually thorough, many courses 
lack opportunities for adequate active par- 
ticipation in the measurement and clinical 
administration of isotopes. Courses are also 
often inadequate in length, establishment 
of specific prerequisites, selection of partici- 
pants, and final evaluation of competence. 

For a healthy growth of nuclear medi- 
cine, every effort should be made by organi- 
zations within the medical profession to 
establish adequate training programs in the 
clinical use of radioisotopes. Certification 
of qualified persons by medical specialty 
boards should also be given encouragement. 


CONTRIBUTIONS BY NUCLEAR SCIENTISTS 


It has not been possible to mention all 
contributions to the development of nuclear 
medicine. Equally important to the ones 
mentioned are those made by physicists, 
biologists, and chemists. They discovered 
and worked out the production and prep- 
aration of radioisotopes, determined decay 
schemes, measured the dosage of ionizing 
radiation to tissues, obtained radioisotope 
toxicity data, provided methods and in- 
strumentation for health protection, and 
developed new and refined medical instru- 
mentation. 

The scintillation counter, for example, 
is just one of the many notable contribu- 
tions by nuclear scientists. It enables much 
greater sensitivity and selectivity in the use 
of radioisotopes for medicine and research. 
Not only can smaller diagnostic doses be 
used than with a Geiger-Miller counter, 
but electronic selection of pulses permits 
counting only radiation of a well defined 
energy range. Such energy selection allows 


Paul C. Aebersold 


JuNE, 1956 


measurement of primary radiation of a 
single energy without scattered and back- 
ground radiation. This not only makes pos- 
sible great improvements in diagnostic 
techniques but opens up new possibilities. 

Recent development of an energy-dis- 
criminating scintillation counter for medi- 
cal use, a “‘medical spectrometer,” has 
made it possible to greatly reduce diagnos- 
tic dosages. P. R. Bell, one of its developers, 
reports the feasibility of thyroid uptake 
measurement with one microcurie of radio- 
iodine and thyroid scanning with approxi- 
mately ten microcuries. The two principal 
advantages of this instrument over the 
Geiger-Miller counter are its much greater 
sensitivity and selectivity. 

Instrumentation has improved, yet there 
is still much room for further refinement. 
Instruments could be developed for the 
physician which are even more dependable 
in operation, easier to maintain, less com- 
plex to use, and lower in cost. Eventually, 
devices for diagnosis with radioisotopes 
should be as simple and as dependable in 
use as other commonly used medical instru- 
mentation. 

Autoradiography is an example of a 
technique useful to the clinician which has 
developed in usefulness and resolution in 
recent years as the result of contributions 
from workers in many fields. This principle, 
based on contact of radiomaterial with 
photosensitive emulsions, precedes the era 
of man-made radioisotopes by 60 years. 
The techniques and emulsion character- 
istics essential for pathological and histo- 
logical detail, however, have been de- 
veloped in the last two decades. Major con- 
tributions have been made by manufac- 
turers of photographic emulsions and by 
such workers as C. P. Leblond, McGill Uni- 
versity, Montreal, Canada; D. J. Axelrod 
and J. G. Hamilton, University of Cali- 
fornia, Berkeley; and G. A. Boyd, Arizona 
Research Laboratories, Phoenix. 

The routine dependable availability of 
radioisotopes is the result of invaluable 
work carried out by contractors at Atomic 
Energy Commission facilities and other 
groups from private enterprise. Particu- 
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larly noteworthy are the contributions of 
workers at the Oak Ridge National Lab- 
oratory, such as W. E. Cohn, A. F. Rupp, 
R. T. Overman, and E. E. Beauchamp, who 
devised early methods for the production of 
reactor-produced isotopes. 

Other contributions to the usefulness of 
radioisotopes in medicine by industrial 
firms include the development of instru- 
mentation, methods for labeling a large va- 
riety of compounds with radioisotopes, and 
the preparation of reliable standardized 
radiopharmaceuticals. The latter make it 
possible for a physician to use radioactive 
materials of pharmaceutical quality with- 
out need forelaborate processing equipment. 

Although Commission facilities and other 
groups have continually improved radioiso- 
tope production (in specifications, such as 
radiochemical purity and specific activity, 
and in lowered costs), they still maintain 
vigorous development programs aimed at 
new and better products at lower cost. Thus 
the materials and technology derived from 
over-all nuclear development will continue 
to contribute to progress in nuclear medi- 
cine. 

CONCLUSION 

Great advancement has been made in 
nuclear medicine in the last two decades. 
The work in the first decade with accel- 
erator-produced radioisotopes laid a firm 
groundwork for development in last decade 
with reactor-produced radioisotopes. 

Today we have almost unlimited avail- 
ability of most radioisotopes. Materials are 
processed to standard specifications and 
there is assurance that the supply will be 
dependable. Costs of reactor radioisotopes 
in general do not hinder usage and as the 
number of users increases costs will become 
even less. Thousands of shipments are made 
each month to medical users from reactors 
in many countries. Reactors will be built 
throughout the world bringing an even 
greater and more ready availability of 
radiomaterials. 

We have a tremendous body of knowl- 
edge related to nuclear medicine which has 
been accumulated by the physicist, chem- 
ist, biologist, and clinician. Thousands of 
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papers have already appeared in scientific 
literature dealing with the use of radioiso- 
topes in medical research, diagnosis, and 
therapy. These papers reflect the growing 
utilization of radioisotopes in medicine. 
Even more important is the tremendous 
rate at which new knowledge in nuclear 
studies is being gained throughout the 
world. 

Remarkable developments in radioiso- 
tope methodology and instrumentation are 
extending the usefulness of radioactivity. 
Instruments now have much greater de- 
pendability, sensitivity, and_ selectivity. 
These permit the use of smaller diagnostic 
doses, better quantitative studies, and more 
reliable monitoring devices. Such develop- 
ments will continue to make possible better 
and safer handling techniques and superior 
clinical results. 

The number of people trained in clinical 
radioisotope techniques since the inception 
of nuclear medicine has increased steadily. 
Although the number of qualified personnel 
has increased, more clinical training oppor- 
tunities are a necessity to make more 
widely available the benefits of nuclear 
medicine. The medical profession should set 
high standards of clinical use and establish 
criteria for medical radioisotope use similar 
to those of the medical specialties. 

On the basis of past developments and 
the present status of nuclear medicine, we 
can expect a continuous and steady growth 
in techniques and uses. It is impossible to 
anticipate all the future benefits mankind 
will derive from this new field, nuclear med- 
icine. 

Isotope Extension 

Division of Civilian Application 

United States Atomic Energy Commission 
Oak Ridge, Tennessee 
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DIAGNOSTIC TESTS THAT DEPEND ON 
RADIOISOTOPE LOCALIZATION* 
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ip 1938 Hamilton® published some re- 
sults of investigations in which he de- 
termined rates of absorption of radioactive 
isotopes of sodium, potassium, chlorine, 
bromine and iodine in normal human sub- 
jects. This was done by recording the ac- 
tivity measured by a Geiger counter held 
in the subject’s hand following the oral ad- 
ministration of a solution containing the 
radioisotope. He suggested that differences 
in absorption rates might be of diagnostic 
value in some diseases. Modifications and 
extensions of these methods and ideas have 
been made by many investigators since 
then. Many attempts have been made to 
devise diagnostic tests which depend on the 
localization of radioisotopes; some have not 
proved to be useful, while some have be- 
come accepted as standard diagnostic aids. 

In those diagnostic tests which depend 
on the localization of a radioisotope in some 
part, organ or lesion of the body, the radio- 
isotope must localize differently in the con- 
dition to be diagnosed than in other condi- 
tions. This difference may be the rate at 
which the isotope is localized, the rate at 
which it leaves, the total amount which is 
localized, or a combination of these. The 
radioisotope may be used as the element 
itself or, more commonly, in a chemical 
compound. Sometimes the test involves a 
determination of the formation of, or rate 
of formation of, a new compound, or its 
reverse, the breaking up of a compound. 
This necessitates a knowledge of what hap- 
pens to the isotope after it is administered. 
The obtaining of such knowledge, the 


metabolism of a material or the study of the 
physiology of an organ may suggest or es- 
tablish a diagnostic procedure. It is fre- 
quently difficult to distinguish between the 
use of a radioisotope for a metabolic or 
physiologic study and a test of its use as a 
diagnostic agent. Its value as a diagnostic 
agent will generally increase as more exact 
knowledge is obtained of what happens to 
it in the body under many different circum- 
stances. 


RADIOISOTOPES 


Radioisotopes are useful as diagnostic 
agents only because they emit radiations 
which make it possible to detect the pres- 
ence of the isotope or the amount which is 
present. The radiations which are emitted 
are either beta particles or photons. Most 
of the beta particles are negative electrons, 
but some are positive electrons, commonly 
called positrons; they travel only a few 
millimeters in tissue. The location and the 
amount of a positron emitter can frequently 
be determined, even though it lies deep 
within the body, by measuring the an- 
nihilation photons which are produced 
when a positive electron combines with a 
negative electron. Most of the photons, 
commonly called gamma rays, have suffi- 
cient energy so that an appreciable fraction 
of them pass through several centimeters 
of tissue; hence the location and the 
amount of the isotope emitting them can 
be determined with instruments outside 
the body. Frequently, however, an exact 
determination is interfered with because of 


* Read at the Fifty-fifth Annual Meeting of the American Roentgen Ray Society, Washington, D. C., September 21-24, 1954. 
t The Mayo Foundation, Rochester, Minnesota, is a part of the Graduate School of the University of Minnesota. 
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TABLE I 


PHYSICAL PROPERTIES OF RADIOISOTOPES 


| | Principal Energies of Radiations, 
Mev. 
Negative | Positive | G 
Betas Betas | 
Phosphorus | P 15 | 32 14.3 d. Rad | None 
Potassium K | 19 42 12.4h 2.04 and | 1.51 
3-58 
Copper | Cu | 29 64 12.8h 0.57 | 0.66 Weak 
Gallium Ga | 31 72 14.3h 0.6 and 0.8 to 
0.9 2.5 
Arsenic As 33 | 74 19.0 d. 0.7 and 0.92 0.6 
1.4 
Arsenic As 33 | 76 26.1h 1.4to | | ©0.$ and 
| | | 9.2 | 1.2 
Iodine |} I | 53 131 8.05 d. | 0.61 | 0.36 
Iodine | I 53 132 2.3 h. o.7to | 0.5 to 
1.4 
Gold Au 79 198 2.74 0.96 | | 0.41 


the difficulty of shielding the detector from 
photons coming from other parts of the 
body, because some of the photons are ab- 
sorbed in the intervening tissue, and be- 
cause some photons have been scattered. 

Radioactive isotopes of all elements have 
been produced, but so far only a few have 
shown promise of being valuable diagnostic 
tools. An isotope with a half-life of a few 
days generally is preferable to one with a 
very short or a very long half-life. Those 
isotopes which can be produced in nuclear 
reactors are generally available in as large 
quantities as may be needed, while those 
which are produced by such accelerators 
as the cyclotron are frequently available 
in only small quantities. Those which are 
produced by bombardment of a stable iso- 
tope of the same element may always have 
associated with them undesirably large 
amounts of the stable isotope, called “‘car- 
rier,” and the metabolism of the large 
amount of the material may be quite dif- 
ferent from that of small, or trace, amounts. 

Those radioisotopes, the localization of 
which will be discussed, and their more im- 
portant physical properties are listed in 


Table 1. 


PRECAUTIONS IN USE OF RADIOISOTOPES 


The radiations emitted by radioisotopes 
are capable of producing undesirable ef- 
fects both in those who handle them and 
in those to whom they are given, but pro- 
tection and dosage problems are beyond 
the scope of this discussion. No serious 
problems of this nature should arise from 
the uses of radioisotopes to be discussed in 
this symposium if the work is done by 
properly trained personnel. 


INSTRUMENTATION 


Regardless of a person’s knowledge of 
and ability to use radioisotopes, he will not 
be able to make a diagnosis due to their 
localization without proper detecting in- 
struments. It is also just as true that even 
with the best of equipment satisfactory 
work cannot be done unless the user has a 
thorough knowledge of the use of the in- 
struments, of the biologic factors involved 
in the test and of the clinical history of the 
patient; it is not often that a single indi- 
vidual can satisfy all of these requirements, 
so that it is necessary to have close coopera- 
tion of several people. 
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Most of the detecting and measuring de- 
vices make use either of Geiger or scintilla- 
tion counters or of photographic methods. 
Geiger counters with thin walls and scin- 
tillation counters are very efficient for 
counting beta particles, and generally one 
is as satisfactory as the other. For counting 
photons scintillation counters are generally 
20 to 100 times as efficient as Geiger count- 
ers. Another advantage of scintillation 
counters is that they can be operated so 
that photons of only a limited range of 
energies will be recorded; this makes it pos- 
sible to exclude scattered photons as well 
as to measure one isotope in the presence of 
others if the energies of their photons are 
different. Photographic methods may be 
used to detect either beta or gamma radia- 
tions; in general they are rather insensitive 
and require long exposures. 

In vivo determinations of the amount of 
radioactivity can be made with Geiger 
counters but the use of scintillation count- 
ers is becoming more general because they 
obtain the same data in less time from 
smaller doses of the radioisotope and can 
be made to be more sensitive to some pho- 
ton energies than to others. Allen and 
Goodwin,! Cassen and associates!’ and Ter- 
Pogossian and associates!”! are among those 
who have described scintillation counters 
which are useful in diagnostic problems. 
Hertz and associates,** using Geiger count- 
ers, and Brownell and Stanbury,’ using 
scintillation counters, have described meas- 
uring equipment, designed particularly for 
thyroid uptake measurements, which has 
four counters equally spaced in a circle 
around the source; a small displacement of 
the source from the center will reduce the 
counts from some tubes and increase the 
counts from others, so that the sum re- 
mains nearly constant, hence the exact lo- 
cation of the source does not have to be 
known. The same idea was carried a step 
further by Haigh and associates"! who used 
a Geiger counter in the shape of a toroid. 

For some purposes it is desirable to have 
very small counters, generally for detecting 
beta radiation, which can be inserted into 
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the tissue or into body cavities. Robinson*® 
has described a needle Geiger counter and 
Kohl* a needle scintillation counter which 
can be inserted into tissue so that the sensi- 
tive region is brought near to the source of 
radiation. Iason® and Cramer and Pabst” 
introduced small Geiger counters into the 
stomach, and Klassen and associates in- 
serted one into the lungs through a bron- 
choscope. 

The localization and distribution of a 
radioisotope in the body frequently are de- 
termined by moving a counter over the 
surface of the body and noting where the 
counting rates are highest, or by recording 
the counting rate over a number of areas. 
Several automatic scanning and recording 
devices, frequently referred to as gamma- 
graphs, have been used. Mayneord and 
Newbery," Meneely and associates™ and 
Spear described such devices, having 
either Geiger or scintillation tubes, which 
scan an area and produce an image on an 
oscilloscope. In the instrument described 
by Cassen and associates! the activity is 
recorded by a mechanical printer. Anger? 
built a device with ten scintillation count- 
ers, each connected to an argon glow lamp; 
the counters and lamps moved at right 
angles to the line of the counters and the 
lamps were photographed by a polaroid 
camera, 


LOCALIZATIONS WITH PHOSPHORUS (P**) 


For diagnostic purposes P®, in the form 
of sodium phosphate, i is generally given in- 
travenously in amounts up to 1 millicurie. 
Its value as a diagnostic tool is due to its 
being taken up by rapidly metabolizing tis- 
sues; hence neoplastic tissues generally 
show greater concentrations of the P® than 
do normal surrounding tissues. Marshak*° 
in 1940 reported that the uptake of P®? was 
greater in both the nucleus and cytoplasm 
of malignant cells than in normal cells, and 
that the concentration in the nucleus com- 
pared to that in the cytoplasm was also 
higher in malignant cells than in normal 
cells. Kenney and associates,®® by measure- 
ments on excised tissue, and Marinelli and 
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Goldschmidt,®® by measurements over ma- 
lignant surface lesions, showed that there 
was more P® in many malignant tissues 
than in normal tissue. The maximal range 
in soft tissue of the beta particles from P* 
is about 7 mm., but it is difficult to detect 
them through more than about 5 mm. of 
tissue. 

Breast Tumors. An attempt to differen- 
tiate malignant and benign breast tumors 
by their P® uptake was reported by Low- 
Beer® in 1946. Later reports by Low-Beer 
and asscciates,”*’ Bhattacharya and asso- 
ciates' and Cramer and Babst* all showed 
similar results. Nearly all malignant tu- 
mors and metastatic nodes had at least 25 
per cent greater activity than correspond- 
ing normal areas at twenty-four to forty- 
eight hours after the administration of P®. 
Those that did not show greater activity 
than normal areas were very small, were 
too far below the surface to be detected, or 
had a very low grade of malignancy. Since 
inflammatory lesions also concentrated the 
isotope they might be mistaken for malig- 
nant tumors. Another objection to using 
P® as a test for malignancy is that a nega- 
tive result may not mean that the tumor is 
benign since it may be too deep to be de- 
tected; hence one would seldom be satisfied 
with the results of this test instead of a 
biopsy. An important use of P® may be for 
evaluating the effect of radiation or hor- 
mone therapy on malignant lesions of the 
breast since they interfere with the concen- 
tration of P® in the tumors. 

Brain Tumors. Early in 1949 Erickson 
and associates® and Selverstone and associ- 
ates** reported finding a greater concentra- 
tion of administered P® in malignant brain 
tumors than in normal brain tissue. Erick- 
son’s determinations were made on biopsy 
material. He also attempted to locate the 
tumors before operation by measuring ra- 
diation outside of the skull with a gamma- 
ray Geiger counter, and he frequently ob- 
served some increased activity in the region 
of the tumor. Localization with an external 
counter would not be expected, since P® 
emits only beta radiation; the radiation ob- 
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served may have been bremsstrahlung pro- 
duced in the bones of the skull. Selverstone, 
using a needle Geiger counter, sensitive to 
beta radiation, inserted into the brain, was 
able to determine the relative activity in 
normal and tumor tissue. Stapleton and as- 
sociates®* in studying P® concentration in 
excised tumor and normal brain tissue 
found greater uptake in all tumors except 
a cystic astrocytoma. They also noted that 
the concentration of P® in normal brain 
tissue was less than in most other body tis- 
sues, a fact which suggested that the 
greater uptake in the tumors may not be 
due so much to their more rapid uptake as 
to a sluggish uptake by normal tissue be- 
cause of the blood-brain barrier which 
tends to prevent diffusion of many sub- 
stances into the brain. 

Later reports by Selverstone and White** 
and by Morley and Jefferson,®® both using 
probe counters, indicated that the method 
was successful in locating nearly all malig- 
nant tumors. P*® was generally given 
about 12 hours before the operation, al- 
though Morley and Jefferson reported suc- 
cess in 3 cases in which it was given during 
the operation. Although both groups re- 
ported that it does not adequately show the 
boundary of gliomas, since small groups of 
cells tend to invade the surrounding normal 
tissue, they do think that this use of P® 
may be of aid in enabling the surgeon, be- 
fore attempting to remove a tumor, to de- 
termine its location and size and perhaps to 
determine whether or not it can be re- 
moved. They also point out that it enables 
the surgeon to obtain active tumor tissue 
for the pathologist, since necrotic and nor- 
mal tissue will contain less P® than ac- 
tively growing tumor tissue. 

Testicular Tumors. Roswit and associ- 
ates*! in a preliminary report investigated 
the possible role of radiophosphorus as an 
aid in the diagnosis of testicular tumors. 
The correct preoperative diagnosis was 
made in 4 of 6 patients with testicular en- 
largements. In their complete series® of 36 
cases, 31 were available for final analysis. 
In 15 of these, the uptake of P® in the sus- 
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pected tumor was less than 25 per cent 
greater than in the opposite, apparently 
normal testicle; 12 of these 15 were found 
to have a benign testicular process and 3 
showed malignant tumors. Of the remain- 
ing 16 cases, in which the uptake in the 
suspected tumor was more than 25 per cent 
greater than in the apparently normal tes- 
ticle, 8 had malignant tumors and 8 pre- 
sented inflammatory lesions. The false neg- 
ative reactions were due to the deep-seated 
location of the cancer or to surrounding 
scrotal edema. The false positives resulted 
from the fact that inflammatory lesions are 
as likely to show a high uptake of radio- 
phosphorus as malignant tumors. 

Femoral Head Blood Supply. Tucker!® in 
1950 reported the use of P® as an indicator 
of the blood supply to the femoral head fol- 
lowing fracture of the neck of the femur. 
Avascular necrosis in the femoral head, 
which occurs in about 30 to 40 per cent of 
such cases treated by nailing, is commonly 
ascribed to vascular damage at the time of 
injury. An intravenous dose of 280 uc of 
P® was given about an hour before the 
nailing operation. Two small samples of 
bone were removed at the time of opera- 
tion, one from the head of the femur and 
one from the trochanteric region as con- 
trol, and the P® content of each was deter- 
mined. Very few cases of necrosis occurred 
in patients in whom this test indicated a 
good blood supply. Arden and Veall® re- 
ported using the test on 45 cases and be- 
lieved it to be very much worth while. They 
reported a newer technique in which a 
needle counter is inserted into a hole drilled 
into the head of the femur at the time of 
operation and a good blood supply is indi- 
cated by an increase in the amount of P® 
absorbed in the bone in a five to ten minute 
interval. 

Intrathoracic Tumors. By passing a small 
Geiger tube through a bronchoscope, Klas- 
sen and associates® studied the P* uptake 
in intrathoracic lesions in 20 patients, 24 
hours after an oral dose. They found 
greater concentrations in most malignant 
tumors and did not find evidence of in- 
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creased concentrations in inflammatory le- 
sions. Most of their failures were attribut- 
able to technical difficulties. Although their 
series was too small to allow the drawing of 
definite conclusions, they believe the pro- 
cedure may be of definite value. 

Gynecologic Tumors. Although they were 
interested in metabolic studies rather than 
diagnostic tests, Sturgis and associates’ 
reported in 1951 that biopsy specimens of 
cancers of the cervix showed much higher 
concentrations of P® than did benign tu- 
mors, when their concentrations were com- 
pared to that of serum. Cramer and Pabst,! 
using a small Geiger counter which could 
be inserted into the vagina, found in- 
creased uptake of P® in intravaginal tu- 
mors. However, since they had difficulty in 
making comparisons with normal tissues 
because of the high uptake in the mucous 
membranes, the test does not appear to be 
of practicable value at present. 

Gastrointestinal Tract Tumors. Cramer 
and Pabst*4 and Iason* report that greater 
concentrations of P® have been demon- 
strated in cancers of the stomach than in 
the normal surrounding tissue. Measure- 
ments were made with a small Geiger 
counter, which the patient had been given 
to swallow, and the counter was manipu- 
lated over the desired areas under fluoro- 
scopic control. Cramer and Pabst also in- 
vestigated the P® uptake of tumors in 
other parts of the gastrointestinal tract and 
found that they generally contained more 
of the isotope than did surrounding normal 
tissue. None of these tests would appear to 
be practicable at the present time, but with 
better instrumentation it is possible that 
some of them might have limited usefulness 
in the future. 

Eye Tumors. The use of P® to diagnose 
malignant intra-ocular tumors was reported 
by Thomas and associates!” in 1952, and 
a later report®! confirmed their early re- 
sults. About a half-hour following an intra- 
venous dose of 500 uc, counts taken with a 
beta-ray Geiger counter in contact with the 
eye over the suspected area were compared 
with counts taken over adjacent areas. 
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They had been able to make satisfactory 
measurements and obtain an independent 
diagnosis on 12 tumors and 14 nontumors; 
in every instance the counting rate over the 
suspected area was more than 20 per cent 
greater than over normal areas when a tu- 
mor was present, and less than 20 per cent 
greater when no tumor was present. When 
the eye was enucleated, samples of the tu- 
mor and of normal tissue were compared, 
and the tumors were found to contain from 
4 to 14 times as much P® as normal tissue. 
Most of these tumors were located in the 
anterior segment of the eye; tumors in the 
posterior segment frequently could not be 
tested because the counter could not be 
placed close enough to the suspected area. 
Dunphy and associates* have also found 
much greater uptake of P® in malignant le- 
sions than in nonmalignant lesions of enu- 
cleated eyes. Bettman and Fellows” have 
reported that very avascular tumors, such 
as retinoblastomas, may contain less P® 
than normal tissue, and that an inflamma- 
tion which increases blood supply may cause 
a high counting rate similar to that over 
tumors. Town! and Eisenberg and associ- 
ates*! report excellent results and believe 
this to be a very important diagnostic tool. 
All of those who have used this test express 
the need for a counter which can be used 
over the posterior segment of the eye, and 
believe that the test can furnish valuable 
information as to the cause of retinal de- 
tachment when there is no retinal tear. 


LOCALIZATIONS WITH POTASSIUM (K*?) 


Several investigators have reported that 
radioactive potassium is concentrated 
some malignant tumors comparably to ra- 
dioactive phosphorus. Some advantages of 
potassium over phosphorus are the shorter 
half-life, which means a smaller dose of ra- 
diation to the patient; a more energetic 
beta particle, which will travel up to about 
17 mm. in soft tissue; a penetrating gamma 
ray, which can be detected outside the 
body; and a more rapid uptake by the tu- 
mor, which makes it possible for localiza- 
tions to be made within a few minutes or 
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hours. Some of these same factors are also 
disadvantages: the short half-life makes it 
difficult to keep a supply of the material on 
hand, and does not permit the investiga- 
tions to be continued for more than about a 
day; the more penetrating beta particles 
do not allow as precise localization when 
using a probe type of counter. Potassium 
also is concentrated rather rapidly in mus- 
cles; therefore it may be difficult to dis- 
tinguish a tumor which is near a muscle. 

Breast Tumors. Nathanson, Baker and 
Selverstone™ have used K* in 80 patients 
with histologically proved benign and ma- 
lignant breast tumors, about half of which 
were malignant. Two hundred to 500 uc of 
K* were given intravenously and measure- 
ments were made with a gamma-ray scin- 
tillation counter on the surface from Io to 
120 minutes after injection; 15 minutes 
proved to be the optimal time. Over all ex- 
cept 5 of the malignant tumors they found 
an increased activity as compared to the 
activity over normal tissue, and found no 
such increased activity over benign tumors 
or inflammatory lesions. Of the 5, 2 were 
undetected because of technical errors, and 
3 were found to be low-grade intraductal 
carcinomas. Nathanson and associates had 
not yet had enough experience with the 
method to evaluate its diagnostic possibil- 
ities properly, but believed that it might be 
worth while in evaluating chemotherapeutic 
measures or radiation therapy. 

The absence of muscle tissue, which con- 
centrates K*, in the breast and the pene- 
trating gamma radiation should make it 
possible to locate deep tumors which can- 
not be detected by P* because of its low 
penetrating beta radiation. 

Brain Tumors. Susen, Small and Moore** 
thought K® might be better for localizing 


_brain tumors by external counting than the 


more commonly used I'*! compounds be- 
cause K® has more penetrating gamma 
rays which would undergo less absorption 
and scattering in the tissue. They gave 10 
uc per kilogram of body weight of KCI in- 
travenously and attempted to localize the 
tumors with a scintillation counter during 
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the first 2 hours and again at about 20 
hours. They were quite successful at local- 
izing tumors above the tentorium and local- 
ized I acoustic neurinoma and an arterio- 
venous fistula; but the high concentration 
of the isotope in the muscles, which were 
closer to the counter, interfered with their 
measurements below the tentorium. Selver- 
stone, Sweet and Ireton*’ and Selverstone 
and White** have compared the use of K® 
and P* for localizing brain tumors with a 
needle counter. K*, because of the much 
greater range of its beta particles, did not 
allow as exact localization as P® but had an 
advantage in that the most satisfactory time 
for making the localization was between a 
few minutes and a few hours after the in- 
jection, whereas for P* it was desirable to 
wait at least 12 hours; hence it was prac- 
tical to inject K® after starting an opera- 
tion. Selverstone and associates also had 
fair success in locating tumors by external 
counting following injections of K*. All 
who have used K* have remarked about 
the difficulty of keeping it available because 
of its short half-life. 


LOCALIZATIONS WITH COPPER (Cu®) 


Cu® is of interest as a diagnostic tool be- 
cause of the annihilation radiation which 
results when its positron combines with an 
electron. The positrons have only enough 
energy to travel a few millimeters in soft 
tissue; hence the annihilation photons are 
formed very close to the site of the isotope. 
The two photons which are formed when 
the two electrons are annihilated nearly al- 
ways travel off in opposite directions. 

Brain Tumors. Wrenn, Good and Han- 
dler™® in 1951 reported preliminary work 
using Cu on animals, and Wrenn and 
Good’ reported further progress in 1952. 
Sweet!’ also reported preliminary work 
along the same line in 1951, and Brownell 
and Sweet’ in 1953 discussed the theoret- 
ical aspects of the problem, described their 
equipment and gave an example of its suc- 
cessful use in detecting and localizing a re- 
currence of a meningiomatous tumor (some 
of their work was done with As”, another 
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positron-emitter). To detect the annihila- 
tion radiation two scintillation counters are 
used, one on each side of the head and 
pointing at each other. The recording equip- 
ment responds only when pulses are re- 
ceived simultaneously from both counters 
(called a coincidence counter); simultane- 
ous pulses seldom occur unless each of the 
counters is responding to one of a pair of 
annihilation photons. Brownell’s apparatus 
records the coincidence pulses as the two 
counters automatically scan the head, and 
also records the difference in single pulses 
from the two counters. The combination of 
these two recordings shows both the profile- 
position and the side (right or left) of a re- 
gion of increased activity. Not enough work 
has been done with these coincidence- 
counting techniques to evaluate their pos- 
sibilities; but from the theoretical view- 
point there would seem to be some advan- 
tages over the more commonly used single- 
impulse counting techniques. 


LOCALIZATIONS WITH GALLIUM (Ga”) 


Gallium has several radioactive isotopes, 
most of which have short half-lives. Most 
biologic investigations have been made 
with the isotope of mass 72, although refer- 
ence will be made to some results of tracer 
work in animals for which Ga with 
longer half-life, 3.2 days, was used. 

Bone Tumors. As a result of investiga- 
tions of the deposition of gallium in ani- 
mals, Dudley, Imirie and Istock*' sug- 
gested in 1950 that Ga” might be of value 
in the diagnosis of bone tumors. In 1951 
Mulry and Dudley” reported that they 
had found selective and significant concen- 
tration of Ga” in primary and secondary 
bone tumors in 15 out of 18 patients, and 
that they had detected some lesions which 
could not be detected at the time by roent- 
gen rays. King, Mason, Messinger and 
Dudley* in 1952 reported studies on 63 pa- 
tients with proved cancer of a type likely to 
metastasize to bone. In 8 of 14 patients 
with definite bone metastases they found 
increased activity over some lesions, and in 
8 out of 11 patients, who also had advanced 
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hypertrophic arthritis, there was increased 
activity over arthritic areas. They con- 
cluded that on the basis of their past expe- 
rience the test was not very promising, but 
had hopes that the results might be better 
using a new technique. An excellent report 
of the fate of administered gallium, using 
both Ga” and Ga*’, is given in a series of 
reports by Brucer and associates;'* of par- 
ticular interest in regard to its possible use 
as a diagnostic agent is their finding that 
the relative distribution in various organs 
of the body is affected by the amount of 
carrier administered with the radiogallium. 


LOCALIZATIONS WITH ARSENIC (As"*) 


As”, like Cu, is a positron-emitter and 
produces annihilation radiation. As was 
mentioned in the discussion of Cu, it has 
been used for the localization of brain tu- 
mors. Because of its longer half-life, 19 
days, it is more satisfactory for some inves- 
tigations than Cu whose half-life is 12.8 
hours. 


LOCALIZATIONS WITH ARSENIC 


The important difference between As” 
and As” is that, while both of them emit 
negative beta particles and gamma rays, 
As‘® does not emit positive beta particles. 

Brain Tumors. Benda, David and Con- 
stans! reported in 1953 that they had had 
fair success localizing brain tumors about 3 
hours after administering a dose of 1 to 2 
me of As**in the form of ammonium arse- 
nate. Localization was possible with external 
counting before operation, and differentia- 
tion was possible during operation with the 
use of a probe counter. In their opinion As 
compares favorably with P® for the detec- 
tion of brain tumors. 


LOCALIZATIONS WITH IODINE anp 


Of the many known radioisotopes of io- 
dine, '*! and I are the ones most likely to 
be used at present. Much of the early work 
with radioactive iodine was done with [8 
and ['%; the half-life of the former is 25 
minutes and of the latter is 12.6 hours, 
which are too short for many investiga- 
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tions. Because I'*! has a half-life of 8.05 
days it is ideal for most biologic investiga- 
tions and has been used almost exclusively 
except for some of the very early work and 
some very recent work with I}. 

I! with a half-life of 2.3 hours is suitable 
for investigations which last for only a few 
hours. Ordinarily the use of an isotope with 
such a short life is impractical because of 
the difficulty of maintaining a supply on 
hand and the decay which occurs while it is 
in transit. For I these objections are 
largely overcome because of a relationship 
somewhat analogous to that between radon 
and radium. I’ is the daughter product of 
the disintegration of Te, with a half-life 
of 3.2 days, which is a fission product of 
U**, Stang and associates” have described 
an apparatus containing Te! from which 
the I! can be easily and quickly obtained. 
The apparatus will have to be replaced at 
frequent intervals with one containing a 
fresh charge of Te. Hanbury, Stang, 
Tucker and Rall* have used this isotope of 
iodine instead of I in some diagnostic 
tests of thyroid function. Its use may in- 
crease in the future, since it could be used 
instead of I'*! for any test which could be 
completed within a few hours, and because 
it disappears so rapidly, the intensity of the 
radiation at the end of about a day would 
be so low that the test could be repeated if 
necessary. 

Radioiodine is used as sodium iodide for 
investigations of the thyroid, but for many 
other investigations it is used to tag other 
compounds. The commonest of these com- 
pounds are diiodofluorescein and iodinated 
human serum albumin, which will be indi- 
cated hereinafter by the commonly used 
symbols DIF and IHSA. 

The use of DIF in the diagnosis of ma- 
lignant tumors developed from investiga- 
tions with the use of fluorescein for the dif- 
ferentiation of malignant and normal tis- 
sue, reported by Moore® in 1947. He ad- 
ministered fluorescein intravenously 3 to 
8 hours before operating and found that 
many malignant tumors fluoresced when 
illuminated by ultraviolet light, which in- 
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dicated that they contained a high concen- 
tration of fluorescein. The fluorescence was 
particularly consistent in brain tumors, 
while carcinomas of the colon, stomach and 
breast were less likely to fluoresce, and ne- 
crotic tissue did not fluoresce at all; how- 
ever, areas of edema and cyst formation did 
fluoresce. Moore mentioned the possibility 
that if I'*! could be incorporated in fluores- 
cein, tumors might be located by detecting 
the radiation from the ['*', 

The first report of the use of IHSA for 
tumor localization was from the group as- 
sociated with Moore” in 1951. They sug- 
gested that the albumin itself might have 
been concentrated in the tumors, and that 
the reason that DIF had been used success- 
fully might be that it had combined with 
the albumin in the patient. 

Since IHSA gradually releases the radio- 
active iodine, Lugol’s solution should be 
given to a patient 24 hours before giving 
IHSA and continued for about a week, so 
that the amount of I'*! taken up by the 
thyroid will be too small to produce any un- 
desirable radiation effects. DIF may be less 
likely to release enough I'*! to damage the 
thyroid, but similar treatment with Lugol’s 
solution is a desirable precaution. 

Thyroid Function. The first, and still the 
commonest, use of radioiodine was in in- 
vestigations of thyroid function, and from 
these investigations a number of tests 
which have diagnostic value have been de- 
veloped. For diagnostic tests of thyroid 
function the I'*!, in the form of sodium io- 
dide, is given either orally or intrave- 
nously. Orally administered radioiodide is 
rapidly absorbed from the stomach into the 
blood and circulates as iodide. The thyroid 
gland removes iodide from the blood and 
converts it to thyroglobulin, the storage 
form of thyroid hormone. Subsequently 
labeled thyroglobulin is hydrolyzed and the 
circulating form of thyroid hormone, pre- 
sumably mostly thyroxine, is secreted into 
the blood where it may be measured as pro- 
tein-bound iodine. The relative amount of 
inorganic I'*! removed and the rate at which 
it is removed from the blood by the thyroid 
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are greater in persons with hyperthyroid- 
ism, and less in those with hypothyroidism, 
than in those with normally functioning 
thyroids. Protein-bound I'*! appears in the 
blood earlier and in greater amounts in hy- 
perthyroid states. The kidneys also remove 
inorganic [*! from the blood and at a rate 
which is essentially the same in hypofunc- 
tioning, normal or hyperfunctioning thy- 
roid states, the amount excreted depending 
on the amount available for excretion, 
which varies inversely as the amount re- 
moved by the thyroid. Hence a person with 
a hyperfunctioning thyroid will excrete less, 
and one with a hypofunctioning thyroid 
more, than a person with a normally func- 
tioning thyroid. 

Most tests for thyroid function employ- 
ing I'*! can be classified either as measures 
of the ability of the thyroid to accumulate 
I'5!, or as measures of the rate at which it 
releases protein-bound ['*!. The accumula- 
tion of I! may be determined directly by 
in vivo measurements of the amount of I'*! 
in the thyroid, or indirectly by measuring 
the urinary excretion of I'*!, The rate of re- 
lease of protein-bound I'*! may be deter- 
mined by a series of 17 vivo measurements of 
the amount of I! remaining in the thyroid, 
or by measuring the amount of protein- 
bound I"! in the blood. Most accumulation 
studies can be done after administration of 
an oral or intravenous dose of from I to 25 
uc, but blood studies generally require from 
25 to so uc. The necessary size of the dose 
depends also on the type of equipment and 
techniques used for making the measure- 
ments. 

The test most widely employed has in- 
volved in vivo measurement of the amount 
of I'*! present in the thyroid 24 hours after 
administering the dose.***:46.1° The range 
of normal values varies somewhat with the 
techniques of measurement but in general 
is from about Io per cent to 35 per cent of 
the administered dose, with a fair number 
of tests giving values in the borderline re- 
gion of 30 per cent to 40 per cent. Many 
who have used this test consider it prefer- 
able to the basal metabolic rate for diagnos- 
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ing hyperthyroidism. Crispell, Parson and 
Sprinkle” found that the uptake at the end 
of 1 hour differentiated hyperthyroidism 
from euthyroidism as well as the 24-hour 
uptake, but the 24-hour value was better 
for detection of hypothyroidism. Miller and 
associates® reported that the total uptake 
at any particular time from 2 to 7 hours 
was satisfactory for differentiating between 
euthyroids and hyperthyroids. Keating and 
associates,‘’ McArthur and associ- 
ates and Roswit and associates*® found 
that the 24-hour or 48-hour urinary excre- 
tion of I'*! was a reliable index of thyroid 
function, comparable to thyroid uptake, and 
perhaps was easier to measure accurately 
provided that accurate collection of speci- 
mens could be obtained. 

A number of investigators have found 
that measuring the rate at which the thy- 
roid accumulates I'*! is at least as good and 
often a better index of thyroid function 
than total uptake, although not as simple to 
determine. Keating and associates**:** have 
calculated rates from thyroid uptake and 
from urinary excretion data. Astwood and 
Stanley® have determined the “‘accumula- 
tion gradient,” which is the slope of the line 
obtained by plotting the counting rate dur- 
ing the first few hours against the square 
root of the time. “Thyroid index” is a 
term given by Haigh and associates" to a 
factor calculated from the rate of uptake 
during the first hour, the 24-hour uptake 
and the 48-hour excretion values. 

Probably the most precise index of 
thyroid function based on uptake is a meas- 
ure of the volume of blood cleared of 
iodide in a unit of time, called the “thyroid 
clearance.” The first methods of determin- 
ing thyroid clearance required the determi- 
nation of the rate of accumulation of ['*" by 
the thyroid and simultaneous determina- 
tions of I"! in the blood (Keating and 
associates‘? and Myant and Pochin”). 
Foote and Maclagan*’ have described a 
method for determining it from measure- 
ments over the thyroid and thigh. Berson 
and associates! have reported a method 
for determining thyroid clearance by meas- 
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uring the rate of accumulation of I'*" in the 
thyroid and the amount of I'*" excreted in 
the urine during the first half-hour follow- 
ing the intravenous administration of 25 
to 50 uc of I", This method, which allows 
the test to be done in about a half hour, 
shows promise of being a very sensitive and 
specific test for hyperthyroidism, although, 
like other uptake tests, of less value for 
hypothyroidism. 

It has been a common observation among 
those investigating thyroid function with 
I'3! that the amount accumulated by the 
thyroid increases for about 12 to 36 hours 
and then decreases. In a hyperfunctioning 
thyroid the maximal uptake occurs earlier 
and the following decrease is more rapid 
than in a normally functioning thyroid. It 
is possible to determine either of these 
values by a series of measurements of the 
I! in the thyroid, but a more convenient 
procedure involves the amount of protein- 
bound I" in the blood, since this is largely 
dependent on rate of release of hormonal 
I! from the thyroid. McConahey, Keating 
and Power* in 1948 first discussed some of 
the relationships which exist between the 
state of thyroid function and the relative 
amounts of total and protein-bound ["*! in 
the blood. The most widely used test of this 
nature is the “conversion ratio,” suggested 
by Clarke, Moe and Adams,” which is the 
ratio of the protein-bound I'* to the total 
I! in the plasma 24 hours after administra- 
tion of I'*', Various modifications of this 
test have been suggested,’?%7°!97 all of 
which seem to be quite successful in the 
evaluation of thyroid function. With pres- 
sently available equipment and techniques 
these tests generally require a little larger 
dose of I'*! than for the determination of 
thyroid uptake or clearance. 

Several groups of 
have reported on the effect of various condi- 
tions and factors on I! tests for thyroid 
function. No effect due to season of the 
year has been noted, but age and sex do 
affect the results slightly, although not 
significantly except perhaps in young chil- 
dren. In either cardiac decompensation or 
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renal insufficiency the rate of uptake by the 
thyroid and the rate of urinary excretion 
may frequently be low. Reduced or abol- 
ished uptake of I'*' by the thyroid may re- 
sult from the ingestion of inorganic iodides, 
various opaque media containing iodine 
used in roentgenography, other organic 
icdine compounds and antithyroid drugs. 

Thyroid Location and Size. With a well- 
collimated Geiger or scintillation counter it 
is possible to determine the location and 
size of functioning thyroid tissue. Reynolds, 
Corrigan and Hayden’ have reported find- 
ing aberrant thyroid tissue rather fre- 
quently, and probably nearly everyone who 
makes use of I'*! tests has at some time or 
other used a counter for determining rela- 
tive uptakes in different parts of a thyroid 
gland as well as trying to locate aberrant 
functioning thyroid tissue. Dobyns and 
Lennon®’ made a careful study of the rela- 
tive uptake of I! by thyroid nodules, and 
Gocdwin, Bauer, Barrett and Cassen*® re- 
ported that with a gammagraph they were 
frequently able to demonstrate whether 
nodules in the thyroid did or did not 
accumulate I! as well as to demonstrate 
the shape of the thyroid gland and location 
of aberrant thyroid tissue. Goodwin, Cassen 
and Bauer*® also reported that they had 
been able to calculate the weight of thyroid 
glands from the record produced by a 
gammagraph. Tests made with highly 
collimated detectors require much larger 
doses of I'*! than the more common thyroid 
function tests. 

Thyroid Tumors. Thyroid tumors which 
collect iodine may be located with Geiger or 
scintillation counters, but most malignant 
tumors of the thyroid do not collect iodine 
in appreciable quantities. Corrigan and 
Hayden* reported success in diagnosing 
thyroid cancer by repeated scannings, up- 
take measurements and analysis of urinary 
excretion; but not all investigators have 
been able to duplicate these results, and 
some feel that it is unlikely that I 
techniques can be adapted to the diagnosis 
of malignant lesions in the thyroid gland. 
Most investigators have been more inter- 
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ested in locating functioning metastases 
and determining if their uptake of I!*! was 
sufficient to warrant an attempt to treat 
them with I, Repeated tracer studies 
have frequently been made to evaluate 
attempts to increase uptake in thyroid 
cancer and its metastases by such means as 
thyroidectomy, thyroid-stimulating hor- 
mone, thiouracil or 
and to evaluate therapeutic procedures. 

Brain Tumors. The first compound con- 
taining radioiodine used for the localiza- 
tion of brain tumors was radioactive di- 
iodofluorescein (DIF), reported by Moore®? 
in 1948. Three years later Chou, Aust, 
Moore and Peyton” reported using radio- 
active iodinated human serum albumin 
(IHSA), and during the following year the 
same group” reported the use of sodium 
iodide. Sodium iodide has not been used 
much since then, mainly because it has no 
particular advantages over [HSA and it is 
more difficult to prevent uptake of the 
iodine by the thyroid. Chou and Moore and 
their associates”-**:”* and Yuhl, Stirrett and 
Libby,"* who have used both DIF and 
IHSA, have reported about equally good 
results with either compound, although 
Yuhl’s group believed that IHSA gave more 
precise localization. 

Those who have used DIF have generally 
given a dose of about 1.1 mc intravenously. 
The optimal time for making the localiza- 
tion is between 4 hour and 2 hours after 
giving the dose, and the counting rates are 
low after 3 or 4 hours. [HSA is given intra- 
venously in doses of about 5 uc per kilo- 
gram of body weight, and although it may 
be possible to localize a tumor an hour later, 
better localization can be done after about 
24 hours and up to 72 hours. Advantages of 
using [HSA are that it is necessary to use 
only about half the amount of radioactiv- 
ity, and it is possible to repeat the counting 
procedures at any time over a period of up 
to 2 or 3 days. No undesirable reactions 
have been reported following the use of 
either compound. 

Counting is customarily done over 32 to 
36 areas over the skull. Counting rates over 
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symmetrical areas are compared, and a 
difference in counting rate of more than 15 
to 20 per cent is generally considered to be 
significant and to indicate the probable 
location of a tumor. Midline tumors, be- 
cause of the absence of a symmetrical area 
for comparison, and small or deep tumors 
are difficult to detect. Davis and Gold- 
stein,””? using DIF, reported that higher 
counting rates were obtained over all areas 
when a tumor was present, as well as a 
differential rate over the tumor. Farmer 
and associates, using IHSA, found very 
wide variations in the counting rate from 
patient to patient over the same area. The 
first investigations were made using well- 
shielded Geiger counters with a collimating 
device; more recently many investigators 
have been using scintillation counters, 
which permit the use of smaller doses as 
well as reduce the time necessary to ob- 
tain significant data. 

The lesions which may be localized by 
these compounds probably are those which 
produce a breakdown in the blood-brain 
barrier. Increased vascularity may be a 
factor at times, particularly if the perme- 
ability of the vessels is altered. The more 
cellular tumors tend to be more easily 
localized. The possibility of there being an 
abnormal protein-binding phenomenon in 
some tumors has frequently been mentioned 
as a possible explanation for the concentra- 
tion of the compounds in the tumors. 
Tumor localization is not reliable, or may be 
interfered with, in the presence of acute 
infection, or following trauma, a convulsive 
seizure or pneumoencephalography. Cysts 
may have less activity than normal brain 
tissue. Chronic arachnoiditis may have 
either more or less activity and is generally 
missed. Lesions which are frequently missed 
are oligodendrogliomas, astrocytomas, 
angiomas, hygromas, pituitary tumors, 
acoustic neuromas, aneurysms and arterio- 
venous fistulas, while those most easily 
localized are metastatic carcinomas and 
sarcomas, glioblastomas, meningiomas and 
most recurrent tumors. Most of those who 
have used DIF report that hematomas are 
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frequently missed, but Dunbar and Ray” 
reported localizing them consistently with 
IHSA. Davis and Goldstein?’ reported that 
previous deep roentgen therapy increases 
the uptake of DIF. 

Peyton and associates,” using both DIF 
and IHSA, reported accurate localization 
in about 70 per cent of their series on the 
basis of the radioisotope test alone, but if 
the clinical data were also considered the 
accuracy was increased to 94 per cent. Davis 
and Goldstein have used DIF on 536 pa- 
tients; in 200, localization had been proved 
accurate by operation or necropsy, 272 were 
indeterminable at the time of publication 
and 64 had been proved inaccurate. Davis 
and Goldstein found that the test gave 
more precise localization than electro- 
encephalography or pneumography; they 
stressed that if good results are to be ob- 
tained the test must be done by a scientific 
investigator who knows the patient and not 
by a technician. Schlesinger* and Woolsey, 
Thoma and Mack,!® each using DIF on a 
series of 100 or more patients, had good re- 
sults and believed the test worth while. 

A number of investigators have reported 
rather discouraging results. Belcher, Evans 
and de Winter® reported definite localiza- 
tion in only 1 of 20 cases of verified tumors. 
Cramer, Pabst and Treibs® reported only 
fair results. Sjégren®® concluded that no 
additional information was obtained from 
the test and that it was hardly reliable. 
Seaman, Ter-Pogossian and Schwartz 
made correct localizations in 46 per cent of 
65 verified tumors and believed that the 
clinical value of the test was yet to be 
proved. Similar results and conclusions 
have been reported also by Svien, Rushton 
and Baldes.*? The reason for these less 
satisfactory results by some investigators is 
not evident; perhaps the selection of pa- 
tients, differences in equipment or varia- 
tions in technique may be partially re- 
sponsible. 

Ashkenazy,‘ and Ashkenazy and Crawley® 
reported accurate localizations in 90 per 
cent of their cases, using IHSA. They stress 
that just as a radiologist must be ac- 
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quainted with the normal variations in 
ventricular or angiographic patterns of the 
brain, so must the isotopologist be aware 
of the normal range of concentrations of 
radioactive compounds at specific time in- 
tervals for specific areas of the brain. They 
suggested that a study of the rate of 
accumulation or loss of the activity and the 
time of maximal concentration in a lesion 
may serve to differentiate different types of 
tumors as well as to localize them; this may 
be possible with IHSA and not with DIF 
because the former stays in the brain for 
several days. 

Spinal Cord Lesions. Two quite different 
types of tests using I’! compounds for 
localizing space-occupying lesions of the 
the spinal canal have been reported. Davis 
and associates”® in 1950 reported on the 
localization of malignant tumors following 
the intravenous injection of DIF. In 11 pa- 
tients suspected of having spinal-cord neo- 
plasms, they accurately located 5, missed 1, 
and in the other 5 no space-occupying lesion 
was demonstrated by laminectomy. They 
used a gamma-ray counter to detect the 
abnormal activity over the lesions due to 
the concentration of the dye, and con- 
cluded that the gamma radiation from the 
liver, spleen, lungs and intestines would 
interfere with the localization of tumors in 
those areas. Bauer and Yuhl* in 1953 re- 
ported that they had injected 0.1 mc of 
IHSA into the subarachnoid space and 
immediately scanned the suspected area 
with a gammagraph. The entire procedure 
was finished within 20 minutes and by 24 
hours the IHSA had disappeared from the 
subarachnoid space. They successfully loc- 
ated I carcinoma metastatic to the lumbar 
portion of the spinal column, and 5. pro- 
truded intervertebral disks. They believed 
they were able to show complete blocks 
and filling defects similar to the results 
obtained by the usual oil contrast myelo- 
grams, and that the: injection of IHSA, which 
is not a foreign substance, would be less 
objectionable than injection of the oil. 

Liver Tumors. Stirrett and associates! 
reported in 1953 that they were successful 
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in diagnosing carcinoma metastatic to the 
liver following the intravenous injection 
of 0.3 mc of IHSA. Readings with a direc- 
tional scintillation counter were taken over 
42 positions over the abdomen, 24 hours 
after the injection. Normal ratios of the 
readings over each point to the reading over 
an area not over the liver had been deter- 
mined for a series of patients with normal 
livers, and any deviations from these ratios 
were considered to be evidence of the pres- 
ence of a metastatic lesion. Cirrhosis of the 
liver did not influence the test, but ascites 
and acute hepatitis were likely to interfere 
with the test. Stirrett and associates have 
made the test on 283 patients with an 
accuracy of 92 per cent, but did get false 
positive results in some patients with 
hepatitis and in patients with cirrhosis 
complicated by ascites. In 11 of these pa- 
tients they found nonhepatic metastases, 
and in 6 patients they found abnormal ac- 
tivity in the region of the primary neo- 
plasm. 

Gallbladder Function. One of the rela- 
tively few diagnostic tests depending on 
the localization of a radioisotope which is 
not for a malignant tumor is a gallbladder- 
function test reported by Yuhl, Stirrett, 
Hill and Beal" in 1953, and by Stirrett and 
Yuhl™ in 1954. They injected 0.005 mc of 
DIF per kilogram of body weight intra- 
venously, which, because it is largely 
excreted in the bile, may be detected in the 
gallbladder within a few minutes. About 30 
minutes after the injection the region of the 
gallbladder was scanned with a gamma- 
graph. If the gallbladder was functioning 
normally an area of increased activity was 
apparent in the gallbladder area, but no 
such area of increased activity was found 
for a nonfunctioning gallbladder. After 
using this test on 102 patients they con- 
cluded that it provided a reliable index of 
the function of the gallbladder, and the re- 
sults compared well with those from oral 
cholecystography. The chief limitation 
was that the DIF test did not visualize 
calculi. They pointed out that the DIF 
test is quicker than oral cholecystography, 
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is nontoxic and can be used when oral 
medication is contraindicated or not feas- 
ible, as for patients who are vomiting or 
who require gastric suction. 


LOCALIZATIONS WITH GOLD (Au!) 


The radioisotope of gold which has been 
most widely used has a mass of 198. It has 
been used more extensively as a therapeutic 
agent than as a diagnostic tool. Because its 
radiations are so similar to those from I", 
the same detecting and localizing equip- 
ment may be used for either isotope. 

Liver Tumors. Because the detection of 
hepatic neoplasms with IHSA occasionally 
gave false positive results in the presence of 
hepatitis and in cirrhosis complicated by 
ascites, Stirrett, Yuhl and Cassen® in- 
vestigated the use of a number of other 
compounds for localizing metastatic lesions 
in the liver. Owing to the affinity of the 
reticuloendothelial cells of the liver for 
colloidal matter, radiogold was found to be 
an efficient tracer agent for obtaining an 
outline of the liver. After the intravenous 
administration of 0.3 mc of Au!®* the activ- 
ity over the liver could be recorded with a 
gammagraph at any time from 30 minutes 
to 24 hours later. Areas of decreased activ- 
ity were found to be produced by neo- 
plasms, abscesses or other space-occupying 
lesions which destroy or replace Kupffer’s 
cells, but the present apparatus could not 
detect lesions less than about 2 cm. in 
diameter. While the test did not distinguish 
between malignant and benign lesions it did 
serve to localize most of the space-occupy- 
ing lesions in the livers of the 23 patients on 
whom it was tried. 


CONCLUSION 


In order for a diagnostic test to be of 
most value it should furnish useful informa- 
tion when a diagnosis is questionable, 
should be simple to perform and should 
provide an answer in a short period of time. 
Some of the tests which have been de- 
scribed have not been as successful for some 
investigators as for others, a few seem to 
be well on the way to becoming accepted 
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as useful tests and some have not been 
used on a large enough series of patients or 
by enough different investigators so that 
they may be evaluated. 

A number of tests have been described 
for differentiating and localizing brain 
tumors, both during an operation and pre- 
operatively. Those tests which are made 
during an operation depend on measuring 
beta radiation with a probe counter. One 
drawback of this technique has been that 
these very small counters were often 
fragile and undependable, but improve- 
ments that are constantly being made 
should overcome this. Those tests which 
are made preoperatively depend on detect- 
ing gamma radiation at the surface of the 
skull and successfully projecting it back 
to its origin as well as measuring its inten- 
sity. 

Although several investigators have re- 
ported excellent results with this method, 
several others have reported poor results. 
The reason some investigators have not 
been as successful as others is not obvious. 
However, there are several possible factors: 
perhaps there has been a difference in the 
selection of patients; or there may have 
been some slight differences in equipment, 
such as in the cones or filtration, which 
would produce differences in sensitivity; or 
there may have been some variation in 
technique. Also, some people are more 
adept at such work and can recognize 
similarities or differences which others do 
not recognize without a great deal of train- 
ing. There seems to be no doubt that many 
brain tumors can be successfully located 
preoperatively by the use of a gamma- 
emitting radioisotope and during an opera- 
tion by the use of a beta-emitting radio- 
isotope, and that radioiodinated human 
serum albumin and P® are most useful for 
these tests at present. Diiodofluorescein has 
been used successfully but has been given 
up by many investigators in favor of the 
albumin, which does not require as much 
radioactivity and can be followed over a 
longer period of time. 

The most widely and most successfully 
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used diagnostic tests depending on localiza- 
tion of a radioisotope have been the thy- 
roid-function tests using I'*', There are a 
great many variations in the form of these 
tests. The total uptake or rate of uptake of 
I'5! by the thyroid, or the total excretion or 
rate of excretion of I'*! in the urine over 
varying periods of time up to 48 hours 
have been the most widely used tests; they 
are quite simple to perform and give useful 
information regarding the state of the 
thyroid. A number of investigators believe 
that a measure of the amount of protein- 
bound I'*!, or the rate at which it is released, 
may be a more accurate indication of thy- 
roid function; but these tests generally 
require 24 to 48 hours, are not as simple to 
perform as the uptake or excretion tests 
and require more radioactivity. Thyroid- 
clearance tests show promise of being very 
sensitive and specific tests for hyperthy- 
roidism, and because the results can be 
obtained in about a half-hour, whereas 
many of the other tests require 24 to 48 
hours, they may be the tests of choice in 
some institutions although they are not as 
simple to perform as some of the others. 
There would seem to be no doubt that 
thyroid-function tests using I! are becom- 
ing accepted as standard and routine tests. 

Several tests have been described for 
differentiating malignant from benign le- 
sions by measuring the P® concentration in 
the lesions. At present the most successful 
would seem to be for intra-ocular tumors, 
but counters which can be used for the 
posterior segment of the eye are needed. 
While lesions in some other parts of the 
body have been differentiated successfully, 
negative results are just as likely to be ob- 
tained because of the lesion’s depth as be- 
cause of the fact that it is benign. Such false 
netatives cause the test to be of question- 
able diagnostic value, although it may be 
useful for evaluating the effect of thera- 
peutic procedures. 

Most of the other tests which have been 
reported have not been used enough to be 
evaluated at present. Some will not prove 
to be as useful as they at first appeared to 
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be, probably some will be developed and 
modified into very useful tests, and surely 
other diagnostic tests which depend on the 
use of radioisotopes will be developed which 
have not been suggested. Probably the 
greatest reason why some of the tests which 
have been described, as well as others, have 
not been used more extensively is the scar- 
city of personnel with the necessary training 
to use these new tools, particularly since 
the necessary personnel often is not a single 
individual but a group of individuals from 
several specialized fields. When one con- 
siders that very little was known of this 
field ten years ago, one is more surprised at 
what has been accomplished than that more 
is not being done. 


Marvin M. D. Williams, Ph.D. 
Mayo Clinic and Mayo Foundation 
Rochester, Minnesota’ 
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SOME APPLICATIONS OF ISOTOPE 
DILUTION TECHNIQUES* 


By ROSALYN S. YALOW, Pu.D., and SOLOMON A. BERSON, M.D. 


NEW YORK, NEW YORK 


ILLIAMS and Childs" described var- 

ious diagnostic tests which depend 
on the localization of radioisotopes in nor- 
mal and malignant tissues. The usefulness 
of some of these tests will be increased and 
new diagnostic procedures may be devel- 
oped as their physiologic foundations are 
defined in a more quantitative fashion. 
Radioisotopes provide clinical medicine 
with an extremely versatile tool for investi- 
gation of dynamic physiologic systems 
under conditions such that the processes 
under observation are not significantly 
altered by the experimental studies. Nu- 
merous reported experiments have been con- 
cerned with the measurement of the size of 
the various body compartments, such as 
that of blood volume, body water, etc., and 
the determination of rates of transfer of 
material between these compartments. 
This presentation is concerned primarily 
with a discussion of the former type of stud- 
ies. Only scant attention can be given to 
the host of radioisotope experiments deal- 
ing with the nature of biochemical proc- 
esses in living tissue. 


GENERAL PRINCIPLE 


The principle of the dilution technique 
for the measurement of the unknown vol- 
ume of a closed compartment antedates by 
far the isotope era. However, the chemical 
and physical properties of the radioisotopes 
as well as their ready availability at a com- 
paratively low cost have provided clinical 
medicine with a multitude of extremely use- 
ful physiologic tracers for these studies. 
The application of this technique to the 
measurement of the size of a physiologic 
compartment requires the introduction of a 
known amount of a nontoxic tracer sub- 
stance into the compartment and the de- 


termination of the concentration of the 
tracer in the compartment after a time 
sufficient to insure complete mixing. The 
compartment size is calculated as the total 
activity of the tracer in the compartment 
divided by the concentration of activity in 
a representative sample. For example, if 5 
ml. of tracer containing 1,000,000 units/ml. 
are injected, and, after mixing, the concen- 
tration of activity in the withdrawn sample 
is 1,000 units/ml., the volume of the com- 
partment is 5,000 ml. If leakage from the 
compartment or destruction of the tracer 
within the compartment occurs before ade- 
quate mixing has taken place, then the 
activity of the withdrawn sample will be 
smaller than if the tracer were entirely re- 
tained in the compartment and the calcu- 
lated volume of dilution will be spuriously 
high. If uniform mixing has not taken 
place, then the activity of the withdrawn 
samples may be higher or lower than the 
average in the compartment thus yielding 
calculated volumes which are too small or 
too large respectively. 

Measurement of the various body water 
compartments has considerable clinical as 
well as academic interest. Total body water 
is comprised of several physiologically sig- 
nificant compartments. Abnormalities of 
any of these may occur independently of 
changes in the others and may be related 
to totally different alterations in fluid and 
electrolyte metabolism. The major body 
water subdivisions of interest are the intra- 
cellular and the extracellular fluid com- 
partments although there is a group of 
smaller spaces (chiefly in the lumens of cer- 
tain hollow structures such as the glands of 
the gastrointestinal tract and other organs) 
which does not fit well into either of these 
two large subdivisions and has been called 


* Presented at the Fifty-fifth Annual Meeting of the American Roentgen Ray Society, Washington, D. C., September 21-24, 1954. 
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transcellular water.’ The circulating blood 
is a well defined physiologic compartment 
which includes part of both extracellular 
and intracellular water. The volume of this 
compartment is perhaps the simplest to 
measure by the dilution technique. 


BLOOD VOLUME 


Tracers which have been used for the 
assay of blood volume are distributed 
either with the red cells or with the plasma. 
Commonly used radioactive isotope tracers 
for erythrocytes are P®,!" K®, and 
Fe and Fe°?.!*:18 The iron isotopes have the 
disadvantage that they can only label red 
cells in vivo so that radioactive iron must 
be fed to donors to be incorporated into 
their erythrocytes. Radioiron tagged cells 
transfused from these donors are then used 
for the blood volume determinations. The 
subject’s own erythrocytes can be tagged 
more expediently with radioactive potas- 
sium, phosphorus or chromium by incuba- 
tion in a test tube for an hour or two. The 
cells are then washed with saline several 
times to remove any of the isotope which 
has not been incorporated. As tracers for 
plasma, separated plasma proteins have 
been labeled chemically with I'! and used 
for blood volume determinations.°*:'*:** These 
I'5! tagged proteins are currently available 
from commercial sources. Following intra- 
venous administration of labeled red cells 
or tagged albumin, mixing is generally com- 
plete in about fifteen minutes which is a 
suitable time for sampling. In the case of 
P® and K® tagged erythrocytes and ['*! 
tagged serum albumin, the loss of the radio- 
active label from the blood stream occurs 
at the slow rate of 3 to 4 per cent per hour 
for the first hour or so. Therefore, leak 
from the vascular system is negligible dur- 
ing the time required for mixing. In the 
case of Cr*! and the iron isotopes, disap- 
pearance of the label occurs at an even 
slower rate. 

Simultaneous determinations employing 
P®? and K*® labeled cells’ have yielded es- 
sentially identical values for dilution in 
whole blood. Simultaneous studies with 
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two different radioactive plasma labels 
such as tagged albumin and tagged 
globulin® also give whole blood dilution 
factors which are virtually identical with 
each other and with values obtained by the 
widely used dye methods.** However, when 
a red cell label and a plasma label are given 
simultaneously, the whole blood volume 
calculated from the dilution of the plasma 
label is generally about 10 per cent higher 
than that calculated from the dilution of 
the labeled The explana- 
tion now generally accepted for this dis- 
crepancy is that mixing of tagged red cells 
and plasma is not uniform throughout the 
body and samples obtained from peripheral 
vessels are not representative of the entire 
pool of circulating blood. Conventional 
hematocrit determinations measure the 
fraction of red cells in blood withdrawn 
from large peripheral vessels. However, the 
fraction of red cells in the blood of the 
spleen is much greater and in the blood of 
minute vessels throughout the body is con- 
siderably smaller than in the blood of the 
large vessels. Since the total amount of 
blood in the normal spleen is only a small 
part of the total blood volume, the average 
relative cell volume for the whole body is 
usually less than that observed from the 
hematocrit determination. 

Because of these differences in the rela- 
tive distribution of red cells and plasma, 
the true total blood volume cannot be ob- 
tained from the apparent space of dilution 
of either red cells or plasma alone but is the 
sum of the separately measured red cell and 
plasma volumes. Although several groups 
have reported that the ratio of the average 
relative cell volume of the body to the 
peripheral vessel hematocrit value is about 
0.93 in normal subjects,!*:" this relation- 
ship may change markedly under various 
pathologic conditions. For example, in a 
group of 7 patients with marked sple- 
nomegaly®® the mean ratio was 1.04, indi- 
vidual values ranging from 0.94 to 1.12, 
and in a group of 24 patients in heart failure 
the average ratio was 0.87, rising to 0.91 
with compensation.*° It was further shown 
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that in the latter group the marked plasma 
volume changes following compensation 
would have been obscured if only the red 
cell volumes and peripheral hematocrit 
values had been determined. 

Expansion and contraction of blood vol- 
ume as a result of the administration of 
drugs, physiologic variations, or disease 
states, may be evaluated by multiple repe- 
titions of the original procedure if these 
changes occur over prolonged periods of 
time. In some studies, where it is desirable 
to remeasure frequently at short intervals, 
this is impractical. Therefore, a simpler 
technique® is suggested which makes pos- 
sible serial determinations of acute changes 
in blood volume with good precision when 
the changes are due solely to alterations in 
plasma volume and when there are no 
marked variations in the ratio of the aver- 
age relative cell volume to the peripheral 
vessel hematocrit. A variety of studies of 
acute changes in blood volume were per- 
formed using this technique. Following the 
intravenous administration of P® labeled 
erythrocytes to a patient at bed rest, the 
rate of decrease of the concentration of 
radioactivity in whole blood is constant 
for two days or more. A plot of these data 
on semi-logarithmic paper gives a straight 
line which usually has a half time of about 
24 hours. This line, obtained during a con- 
trol period, is extrapolated into the period 
of experimental interest (Fig. 1). Expan- 
sion of blood volume produced by hemo- 
dilution can then be quantitated from the 
per cent fall in radioactivity below the ex- 
trapolated line. When hemoconcentration 
takes place the subsequent points lie above 
the extrapolated control line. By this tech- 
nique alterations in blood volume associ- 
ated with postural changes were studied 
in normal and cardiac patients. A decrease 
in plasma volume was shown to occur when 
the subjects assumed the erect position, 
and walked about; an increase in plasma 
volume occurred within an hour or two 
after the subjects returned to the horizontal 
position in bed. These observations con- 
firmed previous studies by other investiga- 
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Fic. 1. Concentration of radioactivity in whole 
blood (corrected for physical decay) as a function 
of time following intravenous administration of 
P® tagged erythrocytes. During the control period 
at bed rest, the radioactivity decreased expo- 
nentially at a constant rate. Ambulation produced 
an increase in concentration above the extra 
polated portion of the control line indicating 
hemoconcentration. On return to bed there was an 
over-compensatory hemodilution. 


tors and emphasize the need for a period of 
bed rest of at least several hours before 
making blood volume determinations. A 
further point of clinical interest was that 
in the cardiac patients studied, there were 
increases in plasma volume of as much 
as 20 to 25 per cent within an hour or two 
after the patients returned to bed. Consid- 
ering the additional possibility of shifts of 
blood from dependent parts to the lungs, 
this increase undoubtedly contributed to 
the orthopnea and paroxysmal nocturnal 
dyspnea experienced by these patients. 
Another study using this technique re- 
lated to an understanding of the pathogene- 
sis of heart failure by making serial blood 
volume estimations in cardiac patients at 
frequent intervals before and after digitalis 
administration. The first observed effect 
was an increase in the rate of urine excre- 
tion shortly after institution of treatment 
and this was followed by a decrease in 
plasma volume as demonstrated by an in- 
creased concentration of radioactivity above 
the control biologic decay line. At no time 
was there a detectable increase in plasma 
volume. These observations indicate that 
the diuretic effect of digitalis in patients 
with heart failure is not due to a primary 
mobilization of edema fluid into plasma 
consequent upon a reduction in venous 
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pressure. Rather, the results suggest that 
the initial effect may have been on the kid- 
ney through an improvement in cardiac 
output. 

Civilian emergencies and civil defense 
planning require the ready availability of 
large stockpiles of material suitable for use 
as plasma substitutes or expanders. The 
technique just described was used also to 
investigate the relative effectiveness of 
some potential plasma expanders. Normal 
saline solution was found to be disappoint- 
ing in this respect. Since intravenously ad- 
ministered saline solution distributes rap- 
idly through extracellular space, a maxi- 
mum increase in plasma volume of only 
one-fourth to one-fifth of the volume in- 
fused is to be anticipated. This was the 
order of changes observed.? Saline solution 
is therefore not to be relied upon as a 
plasma expander except in conditions 
where there is a primary deficit of extra- 
cellular fluid as in dehydration, burns, etc. 
Since glucose distributes throughout the 
whole of body water and in addition is 
rapidly metabolized or excreted, rapid in- 
travenous infusions of as much as 1,000 ml. 
of 5 per cent glucose solution may fail to 
produce a detectable increase in plasma 
volume.® In striking contrast to the mini- 
mal effects produced by saline and glucose 
infusions, marked hemodilution results 
from intravenous infusions of serum albu- 
min.®.! The hope that globin, the protein 
moiety of hemoglobin, would be as useful 
as serum albumin in this respect was not 
realized.® For example, comparison studies 
in the same patient utilizing the technique 
described above revealed that 50 gm. of 
albumin produced a maximum increase in 
blood volume of about 25 per cent above 
the initial value with one-fifth of the in- 
creased volume still persisting after 24 
hours, while the maximum increase pro- 
duced by the same amount of globin was 
only 6 per cent with a return to control 
values by 24 hours. 


TOTAL BODY WATER 


Total body water is measured from the 
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dilution of deuterium or tritium labeled 
water. Equilibration with the bulk of body 
water is essentially complete in normal sub- 
jects in about an hour.” While there is some 
exchange with nonwater hydrogen in the 
body before equilibration is complete, 
only a small error is introduced in these 
subjects. In the presence of abnormal fluid 
accumulations, such as ascitic fluid, it has 
been reported that equilibration is not ap- 
proximated until about 10 hours.” 

There exists no convenient method for 
measuring intracellular water. The volume 
of intracellular water must then be ob- 
tained from the difference in values be- 
tween total body water and extracellular 
water. 


EXTRACELLULAR WATER 


The most generally accepted reference 
substances for the measurement of extra- 
cellular fluid volume are inulin* and su- 
crose,” which, in normal circumstances, 
are thought to be incapable of entering cells. 

While inulin and sucrose are excreted in 
the urine at the rate of glomerular filtra- 
tion, the loss from the body is measurable 
and the amount remaining within the ex- 
tracellular compartment can be determined 
precisely. However, these large molecules 
have relatively slow diffusion rates in tis- 
sue and prolonged periods are required for 
complete equilibration in extracellular fluid 
so that a smaller rapidly diffusible molecule 
would appear to be a desirable substitute. 
To date, the small ions which have been 
investigated, e.g., radiosul- 
phate,'** etc., have been 
shown to be capable of entering cells or of 
being metabolized within the body. At- 
tempts have been made to delineate the 
phase of mixing in extracellular fluid from 
that of intracellular penetration and metab- 
olism by resolution of the plasma concen- 
tration curve into various exponential com- 
ponents. An early rapid fall in concentra- 
tion with a half time of 3—5 minutes in nor- 
mal human subjects is concerned chiefly 
with extracellular distribution. Later slower 
components are primarily influenced by ex- 
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Fic. 2. Plasma Na* as a function of time following intravenous administration. The slow apparent straight 
line component is extrapolated back to the time of injection to give a concentration which presumably 
would have been obtained if distribution in extracellular fluid were instantaneous. The reciprocal of this 
concentration gives an estimate of the extracellular space. (See text for discussion.) 


cretion, entrance into cells and metabolism, 
depending upon the ion utilized. By extra- 
polation back .to zero time of the slower 
component, an approximate correction for 
disappearance from the extracellular com- 
partment is made (Fig. 2). The reciprocal 
of the extrapolated concentration of radio- 
activity (in terms of fraction of the dose re- 
tained) is the apparent extracellular space. 
It has been claimed that radiosulphate'™ 
and thiosulphate**° equilibrate in the ex- 
tracellular compartment before significant 
loss from this compartment occurs. How- 
ever, studies with Na™,%> and Br*, ions 
which have even faster diffusion rates than 
sulphate and thiosulphate, have shown that 
abnormal extracellular fluid accumulations, 
such as edema and ascitic fluid, are not 
equilibrated rapidly enough to permit reli- 
able measurement of the extracellular 
space. Reproducibility of measurement in 
the same subject and virtual identity of 
the calculated extracellular space of distri- 
bution of Na* and Br® in simultaneous 
determinations are not in themselves suf- 
ficient to guarantee the validity of these 
measurements.‘ Uniform equilibration in 
extracellular fluid at a time when intracel- 


lular penetration or metabolism is either 
negligible or measurable must be demon- 
strated for any substance before it can be 
accepted as a useful tracer for this purpose. 
None of the small ions thus far recom- 
mended has been shown to meet these re- 
quirements. 


EXCHANGEABLE SODIUM AND POTASSIUM 


The vascular and extravascular compart- 
ments previously discussed represent real 
compartments, perhaps difficult to define 
physiologically, but in which, when fully 
equilibrated, the tracer substance reaches 
a uniform concentration in water. In the 
determinations of total chemical constitu- 
ents, to be discussed, the compartments 
are virtual; that is, the size of the compart- 
ment of interest is taken as the apparent 
volume in which the tracer would have to 
be diluted in order to give the same concen- 
tration as in the plasma. Here the tracer 
is distributed, not in water, but rather in 
its chemical diluent. Specific activity is 
generally defined in terms of the ratio of 
radioactivity to chemical amount of stable 
isotope present in a specimen. In the fol- 
lowing discussion the radioactivity is ex- 
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pressed in terms of the fraction of the ad- 
ministered radioactivity remaining in the 
body. At distribution equilibrium, then, 
the specific activity is constant and the 
amount of total exchangeable body con- 
stituents such as sodium, potassium or 
plasma protein is calculated as the recipro- 
cal of the specific activity in any of the ex- 
changing compartments. For example, if 
after distribution equilibrium the concen- 
tration in plasma of a substance, 5, is .10 
mg./ml. and the concentration of radio- 
activity of a tracer, S*, (expressed in terms 
of the fraction of the radioactivity remain- 
ing in the body) is 2X10—*/ml., then the 
amount of total exchangeable S is 5 gm. 


Following intravenous administration of 
Na”, the plasma specific activity becomes 
virtually constant after about 15 hours. 
Normal values for total exchangeable so- 
dium are about 3,000 meq. in a 70 kg. man. 
Since a considerable fraction of bone so- 
dium is not equilibrated at this time, the 
exchangeable sodium is less than the total 
body sodium. Because it may be possible 
to mobilize several hundred milliequiva- 
lents of bone sodium over a period of sev- 
eral weeks, sodium balance studies may 
not quantitate changes in the exchangeable 
sodium.*4 

Potassium is chiefly an intracellular ion 
and its concentration in plasma is quite 
low. Since the concentration of potassium 
in the urine is usually at least ten times that 
in plasma, and the specific activities in 
plasma and urine are identical, urine speci- 
mens are generally used for the determina- 
tion of exchangeable body potassium. 
Twenty-four hours after administration of 
a tracer dose of K* the exchangeable potas- 
sium amounts to only about go per cent of 
total body potassium, since the red blood 
cells and brain equilibrate relatively slowly.” 
Because most of the body potassium is 
readily exchangeable, long term potassium 
balance studies may be replaced by serial 
total exchangeable potassium studies which 
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are technically much simpler. Total extra- 
cellular potassium amounts to about 50 
meq. in a normal subject compared to 
about 3,000 meq. in a 70 kg. man for total 
exchangeable potassium. Therefore, intra- 
cellular potassium can serve as a depot to 
maintain the serum potassium level at or 
close to normal even in states of moderate 
potassium depletion.*7 The amount of re- 
placement therapy required can best be 
estimated from exchangeable potassium 
studies. 


TOTAL EXCHANGEABLE SERUM ALBUMIN 


I! Jabeled serum albumin is employed 
for the determination of total exchangeable 
albumin. In a normal subject, about 4 to 7 
days are usually required before the plasma 
specific activity becomes constant. In 
most cases, the plasma specific activity 
curve can be resolved into two components, 
one with a half time of about 3 hours, the 
other with a half time of about 24 hours. 
This indicates that iodoalbumin equili- 
brates with at least two extravascular com- 
partments. When there is a large pool of 
albumin in ascitic fluid, as in decompen- 
sated hepatic cirrhosis, several weeks may 
be required for equilibration of the tracer 
iodoalbumin with the entire exchangeable 
albumin pool in the body.’ Because the 
specific activities in several different com- 
partments eventually appear to approach 
one another,® the use of iodoalbumin as a 
suitable tracer for endogenous albumin in 
studies involving either the size of the ex- 
changeable albumin pool or the rates of 
transfer of albumin between body com- 
partments appears valid. After distribution 
of iodoalbumin is complete, the rate of de- 
crease of plasma radioactivity, corrected 
only for radioactive decay, is the rate of 
degradation of iodoalbumin and has been 
presumed to indicate the rate of metabo- 
lism of the patient’s endogenous albumin. 
However, questions have been raised re- 
garding the interpretation of the rate of 
degradation of iodoalbumin after distribu- 
tion equilibrium.’ It has been shown that 
with some lots of iodinated albumin, seem- 
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ingly unaltered from the natural state as 
shown by ultracentrifugal and electro- 
phoretic analysis, there may be several 
rates of degradation, the apparent rate de- 
pending on the length of the period of ob- 
servations. In addition, there are other 
problems which make it hazardous to iden- 
tify any of the rates of iodoalbumin break- 
down with the rate of endogenous albumin 
metabolism. Further work, probably with 
multiple tagged proteins, is required to 
establish with more assurance the validity 
of this technique in the study of serum pro- 
tein metabolism. 


THYROID HORMONE 


The determination of total exchangeable 
thyroid hormone represents a slightly more 
complicated application of the in vivo dilu- 
tion technique. The thyroid gland itself is 
generally the depot for the largest fraction 
of the hormonal pool and tagged thyroid 
hormone does not exchange directly with 
this pool. The extrathyroidal hormonal pool 
has been measured directly utilizing I 
labeled 1-thyroxine or 1-triiodothyronine® 
or plasma from patients treated with large 
doses of [1.72038 as tracers. In the latter 
case the plasma contains I'*'-labeled thy- 
roid hormone which has been synthesized 
in vivo. The extrathyroidal spaces of dis- 
tribution of tagged thyroxine and triiodo- 
thyronine in recent studies*®* and of in vivo 
synthesized hormone’ are in fair agreement. 

Estimates of both extrathyroidal and 
thyroidal hormonal pools have been made, 
without the employment of transfused 
tagged hormone, under conditions in which 
the subject synthesizes his own hormone 
from administered as iodide.” At the 
time of peak thyroidal uptake of the ad- 
ministered iodide™, hormonal secretion 
by the thyroid into the circulating extra- 
thyroidal pool is virtually negligible. There- 
fore, the biologic situation at this time 
may be represented as a two compartment 
system in which all the labeled hormone is 
initially in one compartment, the thyroid, 
and thereafter equilibrates with unlabeled 
hormone in the extrathyroidal pool. Hor- 
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monal I*! in the extrathyroidal pool under- 
goes continuous degradation and iodide 
is released, part of which is excreted, and 
the remainder is again taken up by the thy- 
roid. If the amount of hormonal ['*! in the 
thyroid and in the extrathyroidal pool (of 
which the plasma is representative) are 
treated in terms of fractions of total radio- 
activity remaining within the body rather 
than as absolute amounts, the plasma hor- 
monal I'*! increases and the thyroidal hor- 
monal I'*! decreases with time, each ap- 
proaching an horizontal asymptote, which 
remains constant over a period of at least 
several weeks. This indicates that equili- 
bration of hormonal iodine I"! between 
thyroidal and extrathyroidal pools has oc- 
curred. Evidence for the virtual equivalence 
of thyroidal and plasma specific activities 
at equilibrium was obtained from experi- 
ments utilizing an antithyroid agent, 1 
methyl-2 mercaptoimidazole (tapazol). 
Following administration of large doses of 
this drug, binding of iodide is inhibited, 
and further synthesis of hormonal iodine 
is prevented. If drug therapy is instituted 
after equilibrium is attained, plasma hor- 
monal iodine is almost entirely replaced 
within a week or so by hormonal iodine 
coming from pre-formed thyroid stores. 
Then, since even over a 2 to 3 week period 
of drug therapy, the specific activity of the 
plasma does not differ significantly from 
that which is obtained at distribution equi- 
librium prior to treatment, the specific ac- 
tivity in the thyroid and in the plasma must 
have been essentially the same at distribu- 
tion equilibrium. Therefore, at that time, 
the total exchangeable hormonal pool may 
be evaluated according to the dilution prin- 
ciple and the amount of hormonal iodine 
in the thyroid can be estimated from meas- 
urements of the plasma specific activity 
and the total thyroidal radioactivity. Ex- 
trathyroidal hormonal iodine is calculated 
as the difference between the two. Such 
measurements have permitted analysis and 
elucidation of a number of interesting prob- 
lems pertaining to iodine metabolism and 
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The examples which have been presented 
are but a few of the host of applications of 
radioisotope tracer techniques to the study 
of the size of body compartments and of the 
dynamic aspects of physiologic systems. 


Dr. Rosalyn S. Yalow 
Veterans Administration Hospital 
New York 68 New York 
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ISOTOPE STUDIES OF BLOOD FLOW 
AND BLOOD CELLS* 


By EDITH H. QUIMBY, Sc.D. 


NEW YORK, NEW YORK 


TUDIES of blood flow include measure- 

ments of circulation time in various 
parts of the vascular system, the behavior 
of a small injected volume of isotope as it 
passes through a small part of this system, 
and determinations of the adequacy of cir- 
culation to certain tissues or organs. With 
regard to the cells themselves, their rates 
of production and lifetimes can be meas- 
ured, and some information obtained re- 
garding their utilization of certain sub- 
stances. 

The use of radioactive material for de- 
termination of circulation time possesses 
an obvious advantage over methods de- 
pending on subjective responses. The in- 
dicator can be injected as desired, and its 
arrival at the end point detected by a 
Geiger counter correctly placed. Hubbard, 
Preston, and Ross,’ studied velocity of 
blood flow in young children in 1941, using 
radioactive sodium. Smith and Quimby”® 
in 1943 employed the same method in pa- 
tients with peripheral vascular disease, in 
the hope that a diagnostic or prognostic 
test might be developed. However, it 
quickly appeared that no such test would 
be practicable without better means than 
were available for controlling constancy of 
environmental conditions. Other radioac- 
tive isotope studies appeared more useful, 
and circulation time measurements were 
abandoned. 

Some years later, Wright, Osborne, and 
their returned to radioac- 
tivity measurements of circulation time in 
part of the venous return, in an investiga- 
tion of the relation between venous stasis 
and thrombosis. Figure 1 shows their strik- 
ing findings in obstetrical patients, a 
marked slowing of foot-groin venous circu- 
lation time during delivery, and rapid re- 


turn to normal post-partum. In a series of 
117 surgical patients, operated on for a 
wide variety of causes, those who were am- 
bulatory showed no slowing of venous 
blood flow. In those confined to bed, a pro- 
gressive reduction in flow rates was ob- 
served until about the twelfth day, after 
which some improvement took place. It 
is worthy of note that it is in the second 
postoperative week that such patients ap- 
pear most likely to develop thrombophle- 
bitis. On the other hand, in 42 medical pa- 
tients confined to bed for periods up to 
three weeks, no slowing of circulation time 
was noted. The authors believe that the 
difference is due to the fact that the post- 
surgical patients actually were much quieter 
in bed than the medical ones. In a group of 
hemiplegics, the unaffected legs all showed 
circulation times at the lower limit of nor- 
mal, but in all cases circulation in the para- 
lyzed leg was markedly slowed. 

Instead of simply noting time of transit 
of the isotope, a pattern of its passage past 
a certain point can be mapped. This is 
made use of in the procedure known as 
radiocardiography, and also in one method 
of determining cardiac output. 

Radiocardiography was devised by Prinz- 
metal, and first described in 1948; a more 
complete account appeared in 1949.!° Radi- 
oactive sodium is injected into an ante- 
cubital vein, and its passage through the 
heart and lungs is followed by a Geiger 
counter and recorded. The counter, heavily 
shielded except for a window toward the 
patient’s chest, is supported in front of the 
heart. The passage of the isotope into and 
out of the heart is indicated by changes in 
the counting rate, which are recorded 
graphically. Figure 2, 4 presents the radio- 
cardiogram for a normal individual. The 


* Presented at the Fifty-fifth Annual Meeting of the American Roentgen Ray Society, Washington, D. C., September 21-24, 1954. 
+ From the Department of Radiology, College of Physicians and Surgeons, New York, New York, 
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#238 SECONDS 


Fic. 1. Distribution of foot-groin venous circulation times. 1. Normal females; 2. Women during first stage 
of labor; 3. Women during puerperium, fourth to tenth day. (Data by courtesy of Drs. Wright, Osborne 
and Edmonds, and the ¥. Odst. & Gynaec. Brit. Emp.) 


tracing reads from right to left, the vertical 
lines being spaced at one-second intervals. 
The R-wave represents blood going into 
and leaving the right side of the heart, the 
T region, while it is in the lungs, and the 
L-wave shows passage into and out of the 
left side of the heart. The whole procedure 
takes only a few seconds. In Figure 2, B 
the upper part gives the tracing for a pa- 
tient with patent ductus arteriosus; the 
lower one is for the same patient after 
operation. It appears that charts of this 
sort may well take their place with electro- 
cardiograms, after the method has been 
perfected. 

Measurement of cardiac output is de- 


sired in the study of many types of disease. 
One method has been based on the intra- 
venous injection of a concentrated indica- 
tor and a determination of the dilution 
curve by serially sampling arterial blood 
at very short time intervals. When a radio- 
active indicator is used, serial sampling can 
be replaced by continuous flow of arterial 
blood past the window of a sensitive Geiger 
counter attached to a suitable rapid record- 
ing instrument."!?-5 Various isotopes have 
been employed; human serum albumin 
labelled with I'*' appears to be most satis- 
factory at the present time. The large mole- 
cule insures against diffusion of the vascular 
system during the pulmonary circulation, 
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the gamma radiation makes measurement 
easy. 

The radioactive material, in a very small 
volume of solution, is injected into an ante- 
cubital vein; a suitable artery is tapped, 
and blood led through a small rubber tube 
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past the detecting position. The detector 
may be a scintillation counter" or a 
Geiger tube. Powers'® uses a Geiger tube 
with an inner spiral of glass tubing through 
which the blood flows. In any case, a fast 
counting rate computer or fast rate meter 


Fic. 2. (4) Radiocardiogram, normal individual. Tracing reads from right to left; vertical lines indicate one- 
second intervals. R-wave, blood entering and leaving right side of heart; T, blood in lungs; L-wave blood 
entering and leaving left side of heart. (B) Upper tracing; individual with patent ductus arteriosus. No 
T-period or L-wave. Lower tracing, same individual after surgery. (Reprinted by courtesy of Dr. Myron 


Prinzmetal and the 7.4.M.42.) 
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must register on a fast graphic recorder, so 
that the trace obtained is truly representa- 
tive of the passage of the radioactive ma- 
terial past the measuring point. The form 
of the dilution curve is shown in Figure 3, 
the second, lower hump being due to the 
second circulation of the isotope. (Actually 
the trace will not be a smooth curve, be- 
cause of counting statistics, but the best 
smooth curve will be drawn through it.) 
The descending (right) side of the curve is 
extrapolated as indicated, since the effect 
of re-circulation must be avoided, and what 
is desired is the complete picture for one 
passage of the material. 

Ordinates of the curve are proportional 
to the concentration of the isotope in the 
blood at the times indicated by the abcis- 
sae. If F is the cardiac output in liters per 
second, and c the (variable) concentration 
during one complete passage of the detecta- 
ble material, the total quantity injected, 
I, is equal to the product Fe integrated over 
the entire time of observation: 


[= f Fedt 
0 


f cat 
0 


where f cdf is the area under the circula- 
tion curve, including the extrapolated part. 
Various methods of evaluating the integral 
are found in the papers referred to. 

The procedures just discussed, radio- 
cardiography and measurement of cardiac 
output, are concerned with only the first 
passage of an isotope through the circula- 
tory system. When continuous Geiger 
counter readings are taken at a fixed posi- 
tion, for example against the sole of the 
foot, following the first detection of the ma- 
terial there will be for some time a steady 
rise in the counter readings. The curve of 
these values indicates the manner in which 
the radioactive material achieves equilib- 
rium with the fluid in which it is mixing. 


or 
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Fic. 3. General form of dilution curve in measure- 
ment of cardiac output. The second, lower peak 
is due to the first re-circulation and is to be ig- 
nored. 


If the isotope is attached to a large mole- 
cule which does not readily diffuse outside 
the blood vessels (I'*!-labelled serum albu- 
min), mixing is in the veins, arteries, and 
capillaries. If the radioactive ion readily 
passes into the extravascular fluid (Na**) 
mixing is in the entire tissue bed. In the 
first case equilibrium is usually obtained 
in a few minutes; in the second it will take 
considerably longer. 

Smith and Quimby, in a series of studies 
starting in 1943,!*”° investigated the build- 
up curves for Na* in the tissues of the foot 
in various types of peripheral vascular dis- 
ease. Data are shown in Figure 4 for a series 
of typical hypertensives. Figure 4, 4 gives 
the build-up prior to any therapy; 4, B 
for the same patients from two weeks to 
two years after bilateral thoracolumbar 
sympathectomy. The crosses indicate read- 
ings for patients whose pre-treatment 
curves fell within the normal range. Ap- 
parently the greatest change occurs in indi- 
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| HYPERTENSIVES 


RADIOACTIVE SODIUM CIRCULATION TEST 
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THORACOLUMBAR SYMPATH 


22 


24 


MINUTES AFTER INJECTION 


Fic. 4. Radiosodium build-up curves in feet of a group of hypertensives. (4) Prior to any treatment. (B) Two 


weeks to two years following bilateral thoracolumbar sympathectomy. (The crosses denote the patients 
whose pre-treatment readings were in the normal range.) 


viduals with very low pre-surgery curves. 
These individuals also appear most likely 
to experience satisfactory subjective relief. 

Friedell, Schaffner, Pickett, and Hum- 
mon* made similar studies employing P®. 
Since this isotope emits only beta rays, the 
counter will give information regarding 


events in the superficial few millimeters of 
tissue, whereas the I'*! or Na gamma rays 
will register from greater depths. These 
authors plotted their build-up curves on a 
semi-logarithmic scale, established a range 
of slopes for normal behavior, and studied 
variation from these in disease. Return 
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toward the normal slope under treatment 
indicated improvement. 

An attempt was made to correlate the 
Na* slopes from the Smith and Quimby 
data with those for P* from Friedell, e¢ a/., 
but the sodium values did not lie on a 
straight line. It seems that before any one 
of these circulation tests becomes a useful 
diagnostic aid, much will have to be done 
toward standardizing conditions. 

A procedure, in a sense the reverse of the 
above, was originated by Kety’® in 1948. A 
minute amount of isotope (usually Na**) is 
injected directly into the tissue under 
study, the Geiger counter placed immedi- 
ately over the site of injection, and the dis- 
appearance, or “‘clearance”’ measured. This 
clearance is assumed to be related closely to 
blood flow in the tissue. A “‘clearance con- 
stant, K” is established, equal .to the 
natural logarithm of 2 divided by the clear- 
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ance half time, or time for reduction of the 
count to half its initial value: 


This method has been employed in exten- 
sive studies by Wisham, e¢ a/.,>?4 and by 
Walder.” The first group found that clear- 
ances from gastrocnemius and biceps mus- 
cles in normal men were reproducible over 
periods of time up to three months, and 
were unaffected by postural changes. Vari- 
ous types of exercise increased clearance 
rates, and the effects of certain drugs could 
be studied (Fig. 5, 4). 

Use of a single constant K is based on 
the idea of exponential clearance, and most 
data give a straight line on a semi-logarith- 
mic plot for the first few minutes as seen 
in Figure 5, 4. However Wisham and his 
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Fic. 5. (4) Effect of moderate exercise on clearance of radiosodium from biceps muscle. Clearance curves 
for a few minutes are linear. (B) Radiosodium clearance from muscle, followed for an hour. Data give a 
curve which is the sum of two exponentials. The slow second component corresponds to clearance of sub- 
cutaneous tissue. When this is subtracted from the experimental curve, the result is the short-time muscle 
clearance line. (Data by courtesy of Drs. Wisham, Yalow, and Freund, and the 4m. Heart 7.) 
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Fic. 6. Radiosodium clearance in tubed pedicle flap. (7) Normal skin before forming tube; (8B) Tubed pedicle 
half an hour after elevation; (C) Pedicle seven days after elevation. (Data by courtesy of Drs. Braithwaite, 


Farmer, and Herbert, and the Brit. ¥. Plast. Surg.) 


collaborators* found that if observations 
for clearance from gastrocnemius muscle 
were carried out for a longer period, the 
curve took the form of the sum of the two 
exponentials (Fig. 5, B). The second, very 
slow component showed essentially the 
same constant as subcutaneous tissue di- 
rectly overlying the muscle, and was be- 
lieved to be due to Na*‘ deposited in this 
tissue as the needle was withdrawn after 
injection. Various efforts to eliminate this 
factor were unsuccessful. It was concluded 
that in order to obtain correct constants for 
the muscle it would be necessary to follow 
the clearance long enough to obtain the 
subcutaneous factor and correct for it. 
Walder”! was concerned with the exact 
relationship between blood flow in a tissue 
and isotope clearance from it. Accordingly 
he undertook simultaneous plethysmo- 
graph records and sodium clearance studies 
on gastrocnemius muscles of normal sub- 
jects before, during, and after periods of 


exercise. It was found that following exer- 
cise the sodium clearance rate returned to 
the pre-exercise value within one or two 
minutes, while the plethysmograph read- 
ings showed a definite lag up to five or six 
minutes. 

Walder was particularly interested in 
radiosodium clearance as a means of as- 
sessing clinically patients suffering from 
intermittent claudication. When such a 
patient exercises, the increase in clearance 
rate, which coincides with the start of ex- 
ercise, is not maintained, but after a few 
seconds or minutes the clearance rate falls 
to zero, and a few seconds after this the pa- 
tient complains of the pain of claudication. 
In some subjects this pain is so intense that 
exercise must be stopped; in others exercise 
can be tolerated and clearance starts again. 
Thus, such a clearance test can be used to 
assess the degree of claudication and the 
benefits received from various forms of 


treatment. 
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Radiosodium clearances have been used 
as an index of circulation in tubed skin 
pedicles in plastic surgery.'?* Figure 6 
shows in the lowest curve (A), clearance in 
skin at the site where a tubed pedicle is to 
be raised. The top curve (B), taken half an 
hour after the pedicle was raised, shows 
practically no circulation. A week later 
(middle curve (C)) clearance was back al- 
most to the normal level. Observations of 
this kind are helpful in deciding when the 
tube is ready to be moved to the next stage. 

Other applications of this technique have 
been reported.'* It is probable that various 
clinical or diagnostic tests will be developed 
on a basis of clearance studies. 

Radioactive isotopes lend themselves to 
study of rate of formation of blood cells 
and their length of life. Iron is an essential 
component of erythrocytes, and the rate 
of its utilization should be related to their 
production. Many studies have been made 
with the object of obtaining data in this 
field.*:*.7?2 When tracer doses of radioactive 
iron are given intravenously in man, the 
radioiron rapidly enters the hemoglobin 
cycle. Erythrocytes containing the label 
begin to appear in the circulation within 
about 24 hours. In normal individuals the 
radioactivity of the circulating red cells 
rises, reaching a pleateau in 2 or 3 weeks.*:? 
Finch et a/., have studied this iran utiliza- 
tion curve in normals and in cases of a dozen 
different types of disease, using Fe® and 
Fe®® in various ferric and ferrous salts. 
Figure 7, drawn from their data, shows the 
normal curve, a higher one in the case of 
iron deficiency anemia, and a lower one in 
a case of hemolytic anemia.* 

Iron is incorporated into the red cell only 
during its developmental stage, when it is 
built into the hemoglobin molecule. Reticu- 
locytes show active uptake of iron in vitro, 
but mature erythrocytes do not. Once in- 


*In a recent personal communication, Dr. Finch states that 
it is preferable to administer the tracer iron already bound to 
fresh plasma. This somewhat changes the character of the utiliza- 
tion. The higher curve, for iron deficiency anemia, would be un- 
altered, but the low one, for hemolytic anemia, would show utili- 
zation up to 30 or 40 per cent, instead of the 10 per cent obtained 
by the earlier method. 
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Fic. 7. Curves showing utilization of injected radio- 
active iron, in normal persons and in patients 
with two types of anemia. (Data by courtesy of 
Drs. Finch, Gibson, Peacock, and Fluharty, Blood). 


corporated into the cell, the iron remains 
fixed there until the cell is destroyed. The 
normal curve shows finally about 75 per 
cent of the injected iron in circulation as 
hemoglobin, leaving about 25 per cent in 
the storage iron. In iron deficiency and 
blood loss anemia, initial utilization is 
more rapid and more complete. In condi- 
tions associated with bone marrow dys- 
function, the utilization curve is lower and 
flatter. All the curves are inicially at least 
approximately exponential, hence the rate 
of erythropoiesis may be estimated from 
the slope. 

Since the iron in the plasma becomes 
bound to a globulin fraction, direct intra- 
venous injection of globulin labelled with 
Fe5® has appeared a more straightforward 
method for studying iron utilization.”.” 
Wasserman and his associates” collected 
plasma samples at I0 to 30 minute 
intervals for a few hours following the in- 
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Fic. 8. Plasma radioiron disappearance in normal 
individuals and in 3 patients each with aplastic 
anemia and polycythemia vera. (Data by courtesy 
of Drs. Wasserman, Rashkoff, Leavitt, Mayer, and 
Port and the ¥. Clin. Investigation.) 


jection. The disappearance of iron from 
the plasma in all cases was exponential for 
the period of time it was followed. Figure 
8 shows disappearance curves and _ half 
times for a series of normals, and cases of 
aplastic anemia and polycythemia vera. 

It is pointed out by both groups, just 
quoted, that the available iron pool exerts 
a considerable effect on the utilization of 
radioiron. Its removal from plasma depends 
on uptake by other organs, such as the 
erythropoietic tissue, the fixed iron stores, 
and the available iron pool. In some cases 
one of these may predominate, in others, 
another. For example, iron leaves the 
plasma at a very slow rate in the blood 
dyscrasias in which the production of red 
cells is grossly impaired. On the other hand 
the presence of greater than usual numbers 
of red precursors, as in polycythemia vera, 
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is accompanied by rapid iron clearance. 
Thus it appears that the rate of turnover of 
plasma iron is an index of the degree of 
erythropoiesis. However many deviations 
from this remain to be explained. One fac- 
tor is the possibility of the existence of in- 
creased iron stores. 

Similarly, the return of iron from the 
storage pool to the erythrocytes depends 
on the quantity of reserve iron into which 
it has been diluted. In iron deficiency states 
the reserve is small, so that the radioactive 
label does not undergo great dilution and 
is promptly incorporated into the cells. 
With hemochromatosis the iron reserve is 
greater, so that even with normal erythro- 
cyte production the labelled iron appears 
more slowly. 

Since disappearance of iron from plasma 
and its appearance in erythrocytes are two 
parts of the same process, a complete study 
should embrace both aspects. This was 
undertaken by Emlinger, Huff, Tobias, and 
Lawrence,® who also wished to find out 
where it was during the storage period. Fol- 
lowing injection of the Fe°-labelled globu- 
lin, its disappearance from plasma was 
followed by repeated samplings. During 
the same period, frequent 77 vivo counting 
was done at fixed sites over liver, spleen, 
and sacrum (for marrow tissue). At the 
time when the plasma level had fallen to a 
minimal value, a survey of the torso was 
made, in vivo counts being done at six 
levels from suprasternal notch to anterior 
superior iliac spine. At each level, eight 
readings were taken, at 45° intervals 
around the body, with the counter always 
directed axially. Following this, daily 
measurements were made over spleen, liver, 
and marrow sites, as well as daily deter- 
minations of erythrocyte radioiron. Figure 
9, A gives the picture for a normal subject 
and Figure 9, B for a case of multiple 
myeloma with hemolytic anemia, and a 
greatly enlarged spleen. Patterns have been 
established for marrow erythroid hyper- 
plasia, extramedullary erythropoiesis, and 
erythroid hyperplasia. It is felt that such 
studies may be useful in making differential 
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Fic. 9. Patterns for iron turnover in blood, marrow, liver, and spleen, (4) in a normal individual and (B) 
in a patient with multiple myeloma and hemolytic anemia. (Data by courtesy of Drs. Emlinger, Huff, 


Tobias and Lawrence, and Acta haematol.) 


diagnosis among different types of sple- 
nomegaly, and may be of diagnostic aid in 
other types of disorder involving abnormal 
iron turnover or erythrocyte production. 

It might be thought that the whole life- 
time of the erythrocyte could be followed 
by means of the radioiron label. This is not 
the case because as cells die, their break- 
down products are rapidly incorporated 
into newly forming ones; this breakdown 
iron appears to be used in preference to 
that from the iron storage pool. This was 
very evident in a study of erythrocyte sur- 
vival in transfused citrated whole blood 
(Fig. 10).!7 The donors were fed radioiron 
so that their erythrocytes were labelled. 
Blood was stored for varying times, then 
transfused, and the number of labelled red 
cells determined at subsequent periods. 
Each line represents the behavior of a par- 
ticular transfusion. The circled number 
gives the days of storage. With samples 
which had been stored several days, there 
is a prompt drop in the number of labelled 


red cells, followed by a marked increase. 
This increase could only have occurred be- 
cause newly forming cells had taken up the 
radioactive debris of the destroyed ones. 

Several radioactive isotopes have been 
used in the study of blood volume. P® and 
Cr! both attach themselves to erythro- 
cytes when incubated with them 7 vitro, 
and when the cells are re-injected their 
radioactivity can be followed. The phos- 
phorus label is not very secure, but the 
chromium label persists. Comparison of 
red cell survival measured simultaneously 
by radiochromium activity and by the 
method of selective agglutination® indicates 
that the rate of Cr*! elution from labelled 
erythrocytes is about one per cent per day. 
None of the chromium thus removed ap- 
pears to be re-utilized. Thus chromium tag- 
ging makes it possible to follow red cells 
throughout their lifetimes. 

Necheles" and his associates, using this 
technique, established the half life of a 
normal individual’s own cells after labelling 
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‘PER CENT TRANSFUSED IRON IN CIRCULATING RBC 


HOURS, 


Fic. 10. Reutilization of radioactive iron from destroyed transfused erythrocytes. Circled numbers indicated 
number of days the citrated blood was stored prior to transfusion. (Data by courtesy of Drs. Ross and 


Chapin and the 7.4.M.2.) 
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Fic. 11, Apparent red cell survival in idiopathic 
acquired hemolytic anemia. (4) Prior to treatment; 
half life one day; (B) After nine days of cortisone; 
half life seven days; (C) After three months of 
cortisone; half life twenty-eight days (nearly nor- 
mal). (Data by courtesy of Drs. Necheles, Wein- 
stein and Leroy, and the 7. Lad. & Clin. Med.) 


as about 35 days. This is shorter than the 
half life obtained by agglutination tech- 
niques because of chromium elution. It 
does, however, offer an adequate base line 
for comparison with diseased states and 
the effects of treatment. Figure 11 shows 
three studies in a patient with idiopathic 
acquired hemolytic anemia. On admission 
the half life of the red cells was only one 
day. After nine days of cortisone therapy 
it had increased to seven days, and after 
three months it was essentially normal and 
remained so. 

White cell production and lifetime have 
been more difficult to study, but Osgood, 
‘Tivey, and their associates have done work 
in acute and chronic leukemias, studying 
the incorporation of injected radioactive 
phosphorus into the desoxyribose nucleic 
acid fraction and all other phosphorus-con- 
taining compounds in the leukocytes." Fig- 
ure 12, 4 shows the picture in 10 cases of 
chronic granulocytic leukemia. The spe- 
cific activities of plasma and non-desoxy- 
ribose nucleic acid (non-DNA) fractions of 
leukocytes are probably identical after not 
more than three days. The desoxyribose 
nucleic acid (DNA) fraction does not attain 
the same level until about a week. This 
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equality of DNA and non-DNA fractions 
implies that at this time there is a com- 
pletely new population of cells. If one-half 
of the DNA phosphorus of each cell is 
newly incorporated with each mitosis, it 
follows that the life span of the cells of the 
granulocytic series in these cases of leu- 
kemia must be of the order of three days 
or less. This agrees with an average life of 
61 hours found by Osgood using marrow 
culture technique. In Figure 12, B is shown 
the picture for 8 cases of chronic lympho- 
cytic leukemia. Here the leukocytes will 
not reach equilibrium with plasma in less 
than 100 days, hence the leukocytes in 
patients of this type must have life spans 
of the order of 30 days. In the acute lym- 
phatic leukemias, on the other hand, the 
picture is similar to that of the chronic 
granulocytics, with a lifetime of only about 
three days. It is therefore suggested that 
this method permits an estimate of the de- 


A B 


Isotope Studies of Blood Flow and Blood Cells 


1079 


gree of acuteness or chronicity in lympho- 
cytic leukemia. 

In a review paper of this type it is obvi- 
ously impossible to cover all work in the 
field, or even all worthwhile methods. The 
plan has been to indicate the wide variety 
of radioisotope procedures which are useful 
in medical research. Atlhough each one 
started as a research study, some have al- 
ready developed into regularly accepted 
aids to diagnosis, and doubtless others will 
follow this pattern. Their greater develop- 
ment and general acceptance depend on 
more widespread training in the uses of 
these substances. In many instances this 
is the real “‘bottle-neck.”’ However, several 
institutions are now trying to find ways to 
give practical instruction in the isotope 
field. The result may be a sort of chain reac- 
tion, bringing in more and more people. 
Naturally protection problems will be in- 
volved, including safe handling of active 
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Fic. 12. Radiophosphorus uptake in the desoxyribose nucleic acid (DNA) fraction and in all other phos- 
phorus-containing compounds (non-DNA) of leukocytes. (4) Average values for 10 patients with chronic 
granulocytic anemia; (B) Average values for 8 patients with chronic lymphocytic leukemia. (Data by cour- 


tesy of Drs. Osgood and Tivey, and Cancer.) 


= 
a 
| 


1080 


materials and safety to the patient. Per- 
haps it should be pointed out that tracer 
doses of the types mentioned should be so 
small that they do not constitute radiation 
hazards. They are usually carefully calcu- 
lated to give the patient less than the 
“maximum permissible dose.”’ Other safety 
problems are outside the scope of this dis- 
cussion. 


630 West 168th Street 
New York 32, New York 
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ISOTOPIC DETERMINATION OF BLOOD VOLUME 
IN THE NORMAL AGED 


By DAVID M. SKLAROFF, M.D. 


PHILADELPHIA, PENNSYLVANIA 


POINTED out by Price,® the volume 
of blood in circulation is the net effect 
of counter-acting forces. In a healthy per- 
son this constant addition to and losses 
from the circulation tend to balance each 
other and a fairly constant blood volume 
results. The clinical importance of accu- 
rately determining blood volume is well 
recognized and is of value in the manage- 
ment of a wide variety of problems. The azo 
dye T 1824 (Evans Blue) has been exten- 
sively used, but technical complexity and 
the inability to apply this method re- 
peatedly at short intervals in a given pa- 
tient limits its clinical usefulness. 

With the availability of radioactive iso- 
topes, simpler and more accurate methods 
have been evolved. Storaasli, Krieger, 
Friedell, and Holden® developed a method 
of employing I'*! tagged human serum al- 
bumin. This technique was later modified 
by Erickson, McCormick and Seed’ by the 
use of the well-type scintillation counter. 
Grispell, Porter and Nieset! reported a 
very close correlation of the blood volume 
values determined simultaneously using 
Evans Blue and radioactive iodinated 
serum albumin (Risa). 

The purpose of this paper is to report on 
the results of the blood volume determina- 
tion performed in the aged with the use of 


Risa. 
TECHNIQUE 


Calibrated syringes are used to measure 
the iodo albumin for injection. A known 
volume (20 cc.) with a known radioactivity 
(about 12 uc) is injected intravenously. 
This amount is well below the usual 100 ye 
tracer dose of I’. Ten minutes later a 
sample of blood is withdrawn from a vein 
other than the one used for injection in a 
heparinized syringe. A sample of 2 cc. of 
whole blood is counted and the remainder 


is centrifuged. The activity of 2 cc. of 
plasma is then determined by counting in 
the well scintillation counter. From these 
values and the hematocrit, blood volume 
is easily evaluated. 


RESULTS 


The blood and plasma volume was de- 
termined in 8g persons (53 women and 36 
men) at the Home for the Jewish Aged. 
The following results were obtained: 


FEMALE 
4 N Blood Volume | Plasma Volume 
ge cc./kg. | cc./kg. 
60-69 6 | 63.6 | 40.8 
70-79 31 | 60.5 35.1 
80-98 16 | 58.2 | 36.1 


Total | $53 | 60.7 Average | 36.9 Average 


MALE 
A N Blood Volume | Plasma Volume 
Be ce./kg. cc./kg. 
60-69 3 | 49.1 29.4 
70-79 17 | 63.6 33.8 
80-99 16 | 53.6 31.5 
Total | 36 | 55.4 Average | 31.6 Average 


The values obtained were in general 
lower than those usually given for normal 
adults: total blood volume 82.3 cc /kg.; 
total plasma volume 48.9 cc./kg.4 There 
was also noted a gradual decrease of the 
average blood and plasma volume with 
increased age. (The three males in the sixty 
to sixty-nine year age group are an excep- 
tion but do not constitute a large enough 
group to be statistically significant.) It was 
also noted that the average values were 
higher for females. 
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DISCUSSION 


Cohn and Shock’ using the Evans Blue 
method on 60 normal males above the age 
of fifty found no significant change in 
blood or plasma volume per unit body 
weight with increasing age. However, Gib- 
son and Evans‘ observed § males (using the 
same technique) above the age of fifty and 
found values of blood and plasma volume 
declining with advancing age. 

Our studies reveal that elderly persons 
have significant blood volume deficits. 
These patients may appear clinically to be 
reasonably good surgical risks but may 
have serious blood volume deficits which 
ordinary routine laboratory tests do not 
disclose. The surgical implications of this 
fact were studied by Beling, Bosch and 
Carter,! who found a significantly lowered 
mortality in those patients whose blood 
volumes were evaluated preoperatively and 
the deficit corrected. 

Hero and Barber’ also pointed out the 
importance of preoperative blood volume 
determination in the elderly patient, which 
aids in the judicious parenteral replace- 
ment therapy. This often makes the differ- 
ence between success and failure in the 
poor risk group. 


SUMMARY 


The results of the blood volume determi- 
nation by means of radioactive iodinated 
human serum albumin in 89 asymptomatic 
elderly patients are reported. The values 
obtained are in general below the average 
usually quoted for normal adults. It is of 
interest to note that these values also 
gradually decreased with advancing age, 
being slightly higher in the female. These 
facts would be of value in the management 
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of the elderly patient during surgical pro- 
cedures. 
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FOR INTERSTITIAL 


IMPLANTATION OF RADIOACTIVE MATERIALS 


By H. C. DUDLEY, Px.D.,* and T. G. MITCHELL, B.S.+ 


Radioisotope Laboratory,t U. S. Naval Hospital 
ST. ALBANS 25, NEW YORK 


7." gamma radiation from radium and 
radon has long been utilized to induce 
radiation changes in tissue through inter- 
stitial implantation. Parenteral use of re- 
actor produced isotopes for localized radi- 
ation effects began in 1946, with the use of 
colloidal gold (Au'®’).° Rationale for the 
use of interstitially implanted radioactive 
materials stems from the physical law, that 
radiation intensity varies inversely as the 
square of the distance. More practically 
stated, if it were possible to bring tissue in 
contact with a source of radiation one 
would be able to achieve marked local ef- 
fects with a minimum of damage to adja- 
cent sites. 

Since 1946 many groups have studied 
Au!’ and other isotopes both clinically and 
in laboratory animals.’ By reason of the 
ability of pure beta emitters to produce 
closely circumscribed areas of tissue change 
much attention has been given to various 
preparations of radioactive phosphorus 
and more recently radioyttrium 

In this report we describe results of iz 
vitro and in vivo studies with various clin- 
ically promising reactor produced isotopes: 
(a) dialysis of P® preparations; (b) com- 
parison of distribution of P*® from colloidal 
chromic phosphate (CrPQ,), titanium phos- 
phate (Ti;[PO,],) suspensions, and ground 
fused titanium phosphate-germanium ox- 
ide (GeO:) glass; (c) tissue effects and dis- 
tribution of Au!®*, and P® as Ti;(PO,), ap- 
plied in slowly soluble needles of fused 
GeO.; (d) tissue effects and tissue dis- 
tribution of Y°, applied interstitially in 
soluble plastic filaments. 


* CAPT., MSC, USN. 
¢ LT., MSC, USN. 


PREPARATION OF MATERIALS 


Preparation of Ti;(PO,), (P®). To 735 
milligrams (mg.) phosporic acid (H3PO,) 
was added up to 200 millicuries (mc) of 
fission produced: P*. This mixture was 
dried slowly to a syrupy consistency under 
an infrared lamp. To this was added a solu- 
tion of titanium tetrachloride (1,070 mg. 
TiCl, in 37 per cent HCl). The mixtures 
were stirred, further heated to dryness, the 
product being Ti;(PO,)4, with a slight ex- 
cess of Ti, as TiO:. The dried product was 
then heated at 1,200° C. for one hour, 
cooled and then used in the preparation of 
certain of the following materials. 

Suspension of Tis(PO,)s. The Tis(PO,)4 
described above was washed twice with 
water, filtered, and the precipitate placed in 
a small ball mill (Fischer, Minni Mill) with 
flint balls. A small amount of distilled 
water was added and the material ground 
for 48 hours. The slurry obtained was ad- 
justed to 0.9 per cent NaCl and used in the 
experiments described below. 

Suspension of 50 per cent Ti3(POs)s—50 
per cent GeO». In the development of the 
Ti;(PO,),—GeO, filaments as described be- 
low, it was found that as one increased the 
Ti content, the solubility decreased, so that 
at a concentration of so per cent GeO.—s50 
per cent Ti;(PO,)4, an insoluble glass-like 
product was obtained.’ 

The heated Ti;3(PO,), as described above 
was cooled, ground to pass 100 mesh, ex- 
tracted twice with hot water, filtered and 
the precipitate dried. To an accurately 
weighed quantity of the Ti;(PO,), was 
added an equal quantity of pulverized 
GeO., and after thorough mixing, a melt 


The opinions or conclusions in this report are those of the authors. They are not to be construed as necessarily reflecting the views or 


endorsement of the Navy Department. 


¢ Studies carried on in part as Guest Scientists, Medical Department, Brookhaven National Laboratory, Upton, New York. 
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was prepared at 1,400° C., in an Alundum 
crucible. For the smaller quantities of ma- 
terials, a Pt wound dental furnace was 
found satisfactory. The melt was poured 
onto a metal plate, cooled, pulverized in a 
mortar and then ground for 48 hours, in a 
small ball mill as described above. The 
slurry so obtained was adjusted to 0.9 per 
cent NaCl, and this suspension used in the 
experiments described below. 

Ti3( PO.) Filaments. Tis(PO,), 
was prepared as shown above, the P® con- 
tent being adjusted so that the final fila- 
ments contained a minimum of Io uc 
P®?/mg. or 25 uc/lineal cm. of filament. 

After heating the Ti;(PO,), to 1,200° C. 
for 1 hour, the product was cooled and ex- 
tracted twice with water to remove any 
labile P®?. On drying this product was mixed 
with commercial GeO, powder ini the ratio 
(15 per cent Ti;(PO,).—85 per cent GeO.) 
and the mixture fused in Alundum at 1,300° 
C. A metal rod was touched to the top of 
the molten mass and a glass-like filament 
withdrawn (0.5 mm. diam.). This could be 
repeated several times before the crucible 
cooled and required reheating. The filament 
was then cut to a convenient size (5 cm.) 
and used immediately for interstitial im- 
plantation. 

GeO.—Au' Filaments. Pulverized GeO: 
of highest purity was slightly moistened 
with a solution of gold chloride (AuCl; 
-2H.O) mixed and dried. Sufficient AuCl, 
was used to produce a final gold content of 
0.5—Io per cent, the final Au’®* content 
depending on the neutron flux utilized to 
activate the filaments. 

The dried mixture was placed in an 
Alundum crucible and melted at 1,200° C. 
A silver or gold rod was used to touch the 
surface of the melt, and draw off a thread 
or filament of the mixture. On cooling, a 
reddish brittle filament resulted (0.5 mm. 
diameter) which was cut into 5 cm. seg- 
ments. These segments were placed in a 
quartz tube, sealed with an aluminum plug 
or cover, and neutron activated at any con- 
venient neutron flux for seven days. On re- 
moval from the reactor these filaments or 
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“needles” may be implanted interstitially. 
A final content of 5 per cent Au, irradiated 
at a neutron flux of 3X10, for seven days 
produced an activity of 6.25 me Au!8/lin- 
eal cm. of filament. Neutron irradiation of 
the preformed, fused GeO, filaments, con- 
taining Au, will also produce small amounts 
of Ge”, “4, and Biologically the GeO, is 
solubilized and excreted, acting as a soluble 
inert body.*4 

Plastic Filaments (Y®). Trials of various 
water soluble gums, resins, and _ plastics 
have shown that for our purpose two are 
the most advantageous, viz., polyvinylal- 
cohol and methylcellulose. After trials of 
various types of these compounds it was 
found that methylcellulose more nearly 
met the requirements of our studies. 

The preparation consisted of the follow- 
ing: 250 mg. Y;.O; (irradiated seven days 
at 3.42 X 10" n/cm.?/sec. yield 100 mc Y®”); 
500 mg. methylcellulose (powder) (Dow, 50 
cps., #2606); 1,000 mg. propylene glycol. 

The pulverized YO; and methylcellulose 
were intimately mixed, and the propylene 
glycol then stirred into the powder, and al- 
lowed to stand at room temperature to 
allow caking to take place. The mixture 
was then placed in a preheated press. 

The press used in producing the plastic 
filaments was constructed of stainless steel 
and consisted of a closely fitted plunger, a 
barrel of 25 mm. inside diameter, with wall 
thickness of 10 mm., length of cylinder 62 
mm., and a removable, threaded, cap at the 
bottom. Into this bottom cap was screwed 
a removable orifice. The whole could be 
easily disassembled to facilitate cleaning. 

The mixture of plastic and Y.O; was 
placed inside the preheated barrel, the 
plunger forced nearly to the bottom to ex- 
clude air, and the whole heated for 30 min- 
utes at 150° C. by two hemispherical elec- 
tric mantles (woven glass cloth, Glascol, 
250 ml. size, 3 hole). Temperature was con- 
trolled by means of a variable transformer 
with the mantles connected in parallel. 

To insure a minimum of loss of the Y% 
mixture, the highest tolerances of machin- 
ing and the minimum of clearance between 
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plunger and bottom cap were required. To 
prevent scoring the cylinder wall, a lubri- 
cant (graphite grease) was necessary. 

The filaments were heated in a drying 
oven at 100° C. for 12 hours, during which 
time a reduction in cross section and length 
took place. There was a corresponding in- 
crease in the tensile strength and rigidity 
but a lessened dispersion rate in water. 

The smaller diameter filament was 
formed from an orifice of 1.04 mm. diam- 
eter, yielding a filament 0.7 mm. diam- 
eter, total weight 5.9 mg./lineal cm., 1.8 
mg. Y.O; or 720 wc Y°°/lineal cm. of fila- 
ment. The larger rod was formed using an 
orifice 1.78 mm. diameter, producing a stiff 
filament 1.1 mm. in diameter, weighing 13.0 
mg./lineal cm. with 32.3 per cent Y.O; con- 
tent and a specific activity of 1,500 uc 
Y°*/lineal cm. of needle. 

A decrease in the Y.O; content in the 
initial methylcellulose mixture, increases 
the tensile strength and flexibility of the 
filaments; therefore, the use of the highest 
available specific activity YO; is desirable. 


METHODS 


Dialysis Studies (in Vitro). In order to 
determine the approximate degree of solu- 
bility of various P® preparations, dialysis 
studies of the phosphates of Ca, Mg, Cd, 
Cr, and Ti have been made. Of these only 
Cr(PO,) and Ti;(PO,), have proved suf- 
ficiently insoluble, from the standpoint of 
biologic applications, to warrant further 
study. 

Accurately measured quantities of vari- 
ous preparations containing P® were pi- 
petted into cellophane tubing, tied, and the 
whole dialyzed against running tap water 
(18° C.) for 72 hours. 

The entire content of the dialysis tubing 
was rinsed quantitatively into a volumetric 
flask, diluted to a convenient volume, and 
the quantity of P® remaining determined 
by beta counting and comparing with an 
aliquot of the original solution. The details 
of preparations or source of dialysis solu- 
tions containing Cr and Ti are shown above 
and in Table 1. 
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Tas_e 
DIALYSIS OF P®* pREPARATIONS 
Per Cent 
Dialyzing in 

72 Hours* 
Chromic phosphate (CrPO,) 7.9 
(Colloidal, Abbott, lot 047) 
Chromic phosphate (CrPO,) 
(Colloidal, Abbott, lot 057G) 
Titanium phosphate (Tis{PO,)) 4:7 
(Suspension) 
Titanium phosphate—Germanium 0.3 

oxide 


(50% GeOs) 


(Fused, ground suspension) 


* Mean of 3 samples carried through simultaneously. 


Injection of Suspensions of P® Materials 
(in Vivo). Suspensions of various P® prep- 
arations (pH 6.5~7.0 contained 0.9 per cent 
NaCl) were injected subcutaneously over 
the area of the right scapula of albino rab- 
bits. The animals were killed at seven and 
fourteen days and the relative concentra- 
tion of P® was determined by beta count- 
ing, dried weighed samples of spleen, liver, 
kidney and cortical bone. Results were cal- 
culated to show relative concentration of 
P®, as net counts/minute/gram dry tissue. 

The suspensions containing Ti;(PO,), 
were prepared as indicated above. They 
were not homogeneous in particle size, nor 
was the mean particle size known. These 
suspensions were stabilized by adding gum 
acacia (1 per cent). They exhibited settling 
after one hour, but could readily be re-sus- 
pended by shaking. The preparations of 
colloidal CrPO, (P**) were obtained from 
the Abbott Laboratories, Oak Ridge, Ten- 
nessee. The first of these (lot 047) was of an 
earlier type. The second lot (lot 057) was 
an improved type, pectin stabilized, show- 
ing little tendency to settle or agglomerate. 

As a means of comparing the degree of 
translocation of P® from particulate PO, 
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materials with soluble phosphate, rabbits 
were injected under the same conditions 
with equal quantities of NaHPO, (P*”). 

Implantation of GeO. Filaments (Au'*, 
P**) (in Vivo). The filaments of fused GeO, 
containing Au!®’, on removal from the re- 
actor were implanted subcutaneously in the 
abdominal wall of anesthetized rabbits. 
Due to the brittleness of the fused GeO?, 
these 5 cm. filaments were placed inside a 
13 gauge infusion needle, which was then 
inserted between the fascial planes. As the 
hollow needle was withdrawn, a stilette was 
used to push out the GeO, filament and 
leave it within the tissue. These filaments 
dissolved in the tissue within seven days, 
leaving the gold as a fine dust easily dis- 
cernible on gross examination. 

The filaments of GeO, containing 15 per 
cent Ti;(PO,), were prepared as described 
above and implanted by the same proce- 
dure as used for the GEO.—Au"® filaments. 
These filaments dissolved in the tissues 
within fourteen days, leaving a finely di- 
vided deposit of white powder along the 
site of implantation. 

Soluble Plastic Filaments (Y®) (in Vivo). 
Subcutaneous implantation of the larger 
methylcellulose filaments (diameter 
1.7 mm.) in rabbits (over the right scapula) 
was carried out by the same techniques as 
described above, for the GeO, filaments. 
Two rabbits were killed seven days after 
implantation, and the site of injection was 
removed for pathologic study. Representa- 
tive samples of liver, kidney, spleen and 
bone were removed and the Y*° determined 
by beta counting, oven dried samples. 

The smaller filaments (diameter 0.7 mm.) 
were placed within the blunt end of a hol- 
low 17 gauge needle, crimped in place, and 
then sewn into the subcutaneous tissues of 
the abdominal wall. Two rabbits were 
killed at seven and 2 at fourteen days after 
the implantation of the Y,O; filament, and 
sections of the entire abdominal wall were 
taken for pathologic study. Other tissues as 
shown above were studied by Y* content 
to determine the degree of solution or trans- 


location of Y.Os. 
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Methods of Radiochemical Estimation. 
Beta counting techniques were utilized 
to estimate the relative quantity of P® 
and Y°* in tissue, as a measure of their 
solubility and degree of translocation. 

Representative samples of tissue were 
taken at time of autopsy, thinly sliced, and 
dried (110° C.) in weighed Al planchets, 
and again weighed. The dry samples were 
scanned using an end window Geiger tube 
(3 mg./cm.? mica, tube to sample distance 
6 mm.). The counts so obtained were cor- 
rected for decay to time of death and the 
counts/minute/gram dry tissue calculated. 
Similar counting procedures were used with 
various solutions in standardization and 
dialysis studies. However in these cases 1 
ml. liquid samples were dried on Al plan- 
chets and scanned under the same condi- 
tions as outlined for tissue samples. 

Calculation of Radiation Dose to Tissue. 
As a basis of estimating the radiation dose 
(as equivalent roentgens) delivered to tis- 
sue by filaments containing beta emitters, 
the following assumptions have been made: 
(1) that the contribution of the gamma 
component (as in is negligible; 
(2) that the distribution of the radioisotope 
throughout the filament is homogeneous; 
(3) that there is no significant self-absorp- 
tion by the filament; (4) that the “half 
value layer” of water for beta rays is equal 
to tissue; (5) that the energy (er) deliv- 
ered to tissue on total disintegration of 1 
microcurie (Kg) is for Au!®* 76, P** 880, 
200; and (6) that the maximum beta ener- 
gies (mev.) are for Au’®® 0.79, P® 1.7, Y*° 
2.18. 

In order to aid in explaining the observed 
effects of imbedding radioactive filaments 
in living tissue a geometric model is pro- 
posed. The absorption of beta near the 
surface of the filament and the rapid rate 
at which the dose rate (er) falls off with dis- 
tance is shown by this method. If a 0.7 mm. 
diameter is taken there is surrounding this 
“radioactive core,” a series of concentric 
tubes, each having a wall thickness of 1.0 
mm. We calculate for a length of 10 mm. of 
tube as follows: 


: 
¥ 
a 
“a > 
4 
2 
= 
: 
= 


1088 H. C. Dudley and T. G. Mitchell 


Volume of Wall of Tube mm.* 
Core (0.35 mm. radius) 
(3.7 mm.’ volume) 


Tube A 53 
B 116 
C 179 
D 241 
E 304 


Based on these figures and the estimate of 
half value layers (D} =.032 XE™* [1.33]) 
there is shown in Figure 1, a series of 
bar graphs giving the integrated tissue dose 
as equivalent roentgens (er) derived from 
filaments containing 1 microcurie of Au!®S, 
P® or Y° per lineal centimeter, on total 
radiochemical decay of the isotope. 

In assessment of actual tissue dosage the 
time between implantation of the filament 
and time of death is highly significant, par- 
ticularly in the case of P*®. At seven days, 
only 29 per cent of the dosage as indicated 
in Figure 1 has been delivered to the tissue, 
50 per cent at fourteen days. In the case of 
Y*° however 85 per cent has been delivered 
in seven days. 

The effect of beta emitters is markedly 
different from that produced by gamma or 
roentgen radiation. There is an “all-or- 
none” effect, there being complete cellular 
destruction adjacent to the filament, with 
cautery-like action. If the concentration of 
isotopes is low the extent of the changes is 
small. However, if isotopic concentration 
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is high there is necrosis and scar-like areas 
are formed, but only for a limited distance, 
due to rapid fall off through absorption in 
the first few millimeters (Fig. 1). Spread of 
the isotope will of course cause a marked 
increase in the volume of tissue affected. 
This does occur when the tissue dose is so 
high that connective tissue destruction is 
rapid. 


RESULTS 


Dialysis Studies. Dialysis of suspensions 
of insoluble particulate phosphate com- 
pounds, containing P® has shown that 
many of these compounds have solubilities 
such that they cannot be used for paren- 
teral injection for the purpose of producing 
localized radiation effects in tissue. 

The materials which, in this study, gave 
indications of greatest usefulness are listed 
in Table 1. On dialysis for 72 hours against 
running tap water (18° C.) CrPO, (Abbott 
type G) showed 2.4 per cent of the P® 
solubilized, whereas a suspension of fused 
ground 50 per cent Ti;(PO,),—50 per cent 
GeO, gave 0.3 per cent soluble P**. Thus it 
would appear that the titanium prepara- 
tion is less soluble than the commercially 
available chromium preparations. This 
may result in part from the smaller par- 
ticle size of the chromium compound.’ 

In Vitro Studies of P® Suspensions. Pre- 
liminary animal studies indicated that the 


II 


RELATIVE CONCENTRATION OF P® IN TISSUES OF RABBITS* 


Net Counts/Minute/Gram of Dried Tissue 


After 7 Days 


After 14 Days 


Spleen Cortical Bone Spleen Cortical Bone 
Chromic phosphate (CrPO,) 1,946 1,830 2,030 3,239 
(Colloidal, Abbott, lot 047) 
Titanium phosphate—Germanium-oxide 505 311 444 878 


(50% Tis(PO4) 4<—s0% GeOr) 
(Fused, ground suspension in 0.9% NaCl, 
lot A) 


* Dose: 100 wc P® per animal subcutaneously. Each value is mean of 8 samples taken from 4 animals in each group and time, total 
16 rabbits. Each count corrected to time of injection, giving relative concentration of original P®, 
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Taste III 


RELATIVE CONCENTRATION OF P® IN TISSUES OF RABBITS FOLLOWING INJECTION OF P®? PREPARATIONS 


Materials* 


Net Counts/Minute/Gram of 
Dried Tissue 


7 Days After Injectiont 


Soluble NasHPO, 


Chromic phosphate (CrPO,) 
(Colloidal, Abbott, lot 047) 


Chromic phosphate (CrPO,) 
(Colloidal, Abbott, lot o57G) 


Titanium phosphate—Germanium oxide) 
(50% Tis(POs)4—50% GeOr) 
(Fused, ground suspension in 0.9% NaCl, lot B) 


Titanium phosphate (Tis{PO,],) 
(Suspension in 0.9% NaCl) 


* Dose 285 microcuries P® per animal, subcutaneously. 


+ Each value is mean of 10 samples, taken from 4 animals in each group. Total 20 animals. 


fused GeO.—T1i;(PO,)4 and colloidal CrPO, 
were the most useful for parenteral injec- 
tion. A series of rabbits was injected sub- 
cutaneously with these materials, killed 
after seven and fourteen days, and the rela- 
tive P® content of the cortical bone and 
spleen determined. As shown in Table 1 
after both seven and fourteen days, the 
rabbits receiving the Ti preparation showed 
less labile P® (as counts/minute/gram 
dried tissue) than did those receiving the 
Cr preparation. In both cases the P® con- 
tent of the spleen changed little during the 
seven to fourteen day period. The cortical 
bone however, during this interval in both 
cases, increased (Cr 77 per cent, Ti 185 per 
cent). 

A second series of rabbits was injected 
subcutaneously as before with various P® 
preparations, including soluble NasHPO,, 
and killed seven days thereafter. Results 
shown in Table 11 indicate that the im- 
proved CrPO, preparation (Abbott Type 
G) gives up less P® than the earlier type 
(lot 047). However the fused Ti;(PO,).— 
GeO: suspension again exhibited less labile 
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P® than any of the other preparations. Ex- 
amination of the tissues from rabbits given 
soluble P*® indicated that in no case were 
the Cr or Ti preparations yielding a large 
fraction of their total P*® to the general cir- 
culation. 

Fused GeO, Filaments (Au'**, P®). Sub- 
cutaneous implantation into rabbits of 
fused GeO, filaments containing Au!®® pro- 
duced marked radiation changes in tissue 
to an approximate radius of 2 mm. At a 
concentration of 10 mc/lineal cm. of needle, 
there occurred rather widespread necrosis 
and slough of the surrounding tissues. At 
6 mc/lineal cm., there was produced within 
seven days a dense white scar-like area, 5 
mm. in diameter and extending the length 
of the needle. No slough or marked necrosis 
occurred at this beta dosage. Pathologic ex- 
amination by J. T. Godwin, M.D., Brook- 
haven National Laboratories, indicated 
typical cellular changes due to gamma ra- 
diation adjacent to the scar-like area de- 
scribed above. 

Beta counting of liver, kidney and spleen 
from the rabbits which had received the 
Au!’ filaments indicated no significant de- 
gree of translocation of the Au!®® within 
seven days. 

Fused GeO, needles, containing P* (as 
15 per cent Ti;[PO,],) were subcutaneously 
implanted into rabbits, and the animals 
killed after seven and fourteen days. At a 
concentration of 25 ywc/lineal cm. of needle 
a dense white scar-like area approximately 
IO mm. in diameter was noted in fourteen 
days. Higher beta dosages produced marked 
slough. In the area adjacent to the scar was 
an erythematous band 2-3 cm. in width in- 
dicating a spread of the P®. That P® was 
being removed from the area of implanta- 


tion was further indicated by the results of 


the beta counting of bone, marrow, liver, 
kidney, and the amount excreted in the 
urine. In fourteen days 11.4 per cent (mean 
of 4 rabbits) appeared in the skeleton, with 
5.0 per cent being excreted in the urine. 
Rather bloody bone marrow was noted at 
autopsy. 
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From these results it is concluded that 
filaments containing Au!®® give good local- 
ized beta radiation, with little transloca- 
tion. The chief disadvantage is the small 
degree of penetration of the beta com- 
ponent, and thus the small amount of 
tissue receiving significant amounts of beta 
radiation. 

In the case of the P® filaments the degree 
with which the P® is solubilized and trans- 
ported to the skeleton causes these fila- 
ments to be of questionable value. 

Attempts have been made to produce 
GeO; filaments containing Y.O;. However, 
only a frit was obtained on melting the 
GeO», so that no filaments of GeO, with 
Y.O; could be produced. 

Plastic Filaments (Y°*). Extruded fila- 
ments of methylcellulose containing ap- 
proximately 32 per cent by weight Y,O; 
have been implanted subcutaneously into 
rabbits. The larger diameter rod (1.1 mm. 
diameter) containing 1,500 me Y°°/lineal 
cm. produced in seven days an area of white 
scar-like tissue approximately 15 mm. in 
diameter. Localized slough occurred in 
some areas and a spreading of the Y.O; 
along the fascial planes was noted. Radio- 
chemical counting of liver, spleen and bone 
of the rabbits so treated indicated that only 
trace quantities of the Y°° had entered the 
general circulation. 

Lacing the thread-like filament of meth- 
ylcellulose containing Y* (as Y.O;) into 
the subcutaneous tissues of rabbits’ abdo- 
men has produced within seven days a 
white, blanched consolidated area due to 
localized radiation effect. The area of 
blanching was of 12 mm. diameter, with 
clearly defined borders. No localized slough 
or widespread necrosis occurred. The Y°° 
content of this filament was 720 yuc/lineal 
cm. At the end of fourteen days this 
blanched area had consolidated, and tough- 
ened into a firm dense scar-like structure. 

Study of the effects of implanting meth- 
ylcelluose rods and sutures containing 
non-radioactive Y:O; has indicated that 
these filaments liquify within 48 hours, 
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leaving the Y:O; in situ. No general sys- 
temic or local reaction due to the methyl- 
cellulose or Y-O; has been noted. 

The tissues of the rabbits receiving the 
Y*° filaments were examined by Cdr. S. S. 
Sarkisian, pathologist of this hospital. 
Gross examination revealed a line of de- 
marcation between the area where the fila- 
ments had been implanted and the sur- 
rounding tissue. Microscopically this area 
gave an appearance compatible with a 
radiation induced necrosis. In the fourteen 
day studies the specimens showed the be- 
ginning of fibrosis. There was minimal for- 
eign body reaction. 

As a result of these studies it is believed 
that methylcellulose filaments containing 
Y* (as Y:O3) offer the best method of 
those yet studied for delivery of high in- 
tensity beta radiation to discrete areas of 
tissue. 


DISCUSSION 


In a series of preliminary studies with 
various soluble and insoluble P® prepara- 
tions, it was found by the analysis of 
urine, feces, blood, heart, lungs, muscle, 
liver, kidney, spleen and cortical bone from 
rabbits, that the P® content of spleen and 
cortical bone was the best indicator of the 
fate of the P® preparations. In general, 
seven days after injection of soluble P® (as 
PO,) the cortical bone contains 2 to 3 
times the concentration of P® as found in 
the spleen (calculated as microcuries/gram 
of dry tissue). During the seven to fourteen 
day pertod the spleen may lose some of its 
P®, while the concentration rises in cortical 
bone. However, when insoluble particulate 
P® preparations were injected intraperito- 
neally, intrapleurally or intravenously, the 
concentration of P** in the spleen was many 
times that in cortical bone, serving as an 
indicator of the degree of phagocytosis and 
entry of the particulate material into the 
general circulation. 

Utilizing these findings as a basis for 
further studies, it is proposed that the dif- 
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ferential localization of P* in cortical bone 
to the spleen be used as a biologic indicator 
of the degree of true solution of P® (as PO,) 
and the degree of translocation of paren- 
terally administered particulate insoluble 
P® compounds. 

Furthermore, as only a small fraction of 
parenterally administered P® is excreted 
in fourteen days (2—5 per cent in rabbits) it 
is suggested that fourteen days (one half 
life) be the minimum time at which tissues 
are removed from animals used to test var- 
ious P® preparations. 

Results of the studies detailed herein, 
and others of a similar nature, lead us to 
believe that there is considerable leaching 
and/or exchange of P® from many “‘insolu- 
ble” PO, preparations. The labile P® so re- 
leased finds its way to and is held tena- 
ciously by the bone substance, producing un- 
wanted effects on the marrow. Since the 
ultimate use of insoluble P® preparations is 
in patients suffering from carcinomatosis in 
whom the marrow may have been already 
repeatedly damaged by radiation, nitrogen 
mustard, etc., it is necessary to critically 
evaluate laboratory results. 

The use of Au’? and Y® in many in- 
stances seems to overcome the disadvan- 
tages of P®, there being little translocation 
of these isotopes. Their shorter half life 
also makes easier the control of radiation 
dosage. Y° has further advantage over 
Au'®’ in that it is a pure beta emitter with a 
much greater degree of penetration than 
the beta component of Au!*’, The affinity 
of yttrium for many chelates offers an ad- 
ditional safety factor in that by the judi- 
cious administration of these agents acci- 
dental generalized systemic spread of the 
radioisotope may be offset and rapid uri- 
nary clearance of the Y°° be effected.1* 

In physiologic studies of nerve or glan- 
dular function in which a small volume is to 
be destroyed by scarification due to intense 
beta dosage, the use of Au'®* seems advan- 
tageous. The minimum volume markedly 
affected by the higher energies of Y*° will 
be of the order of 10 to 11 mm. in diameter, 
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while destruction of function with Au'®® 
can be held to a 2 to 3 mm. diameter. 


SUMMARY 
1. Dialysis of phosphates of Ca, Mg. Cr 


and Ti (containing radioactive P*) has in- 
dicated that only the Cr and Ti compounds 
are sufficiently insoluble to warrant further 
biologic studies for producing localized in- 
terstitial radiation effects. 

2. Subcutaneous injection in rabbits of a 
commercially available colloidal CrPO, 
preparation and a suspension of fused 50 
per cent Ti;(PO,)—so per cent GeO, 
demonstrated that the Ti preparation pro- 
duced less translocation of P® in seven to 
fourteen days. Further study of Ti;(PO.)— 
GeO: suspensions for parenteral adminis- 
tration of insoluble P® is indicated. 

3. Subcutaneous implantation in rabbits 
of slowly soluble glass-like filaments of 
fused GeO, containing Au'®* or P*® (as 15 
per cent Ti;[PO,],) has produced localized 
radiation effects. Translocation of Au!** 
was minimal whereas significant quantities 
of P® entered the general circulation. 

4. Extruded flexible filaments soluble in 
tissues have been produced with methyl- 
cellulose containing (as Y.O3). Radia- 
tion effect on tissues was sharply localized, 
with no significant translocation of Y°°. 

5. Use of filaments which are soluble in 
tissues offers a convenient means of im- 
planting radioactive materials or other 
drugs in order to: (a) destroy a discrete area 
in central nervous system or glandular tis- 
sue; (b) implant tumor producing areas; 
(c) attempt local destruction of neoplasms 
by implantation in or lacing through the 
lesion; and (d) attempt destruction of blood 
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supply of lesion by marked local scarifica- 
tion with 


Dr. H. C. Dudley 
U. S. Navy Hospital 
St. Albans 25, New York 
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SOME PRACTICAL ADJUNCTIVE MEASURES IN THE 
HANDLING OF INTERSTITIAL COBALT 60* 


By 1. MESCHAN, M.D.,f CAPTAIN BYRON G. BROGDON, USAF MC, and 
T. H. ODDIE, D.Sc., F.Inst.P.{ 


is a paucity of descriptive data 
available related to the practical han- 
dling of radioactive interstitial materials 
such as cobalt 60. Each institution develops 
certain items of equipment—and very 
often these adjuncts escape publication. 
In our installation there have been cer- 
tain developments which have grown into 
usage, some of which are distinctly origi- 


nal, but most of which are modifications of 


techniques observed in the course of time— 
often the originators of these techniques 
being unknown. 

We have been urged to describe these 
various adjuncts to assist others in the 
organization of their therapy program. 

Such a program should encompass: 1. A 
variety of radiant sources to meet most re- 
quirements on interstitial, plaque and in- 
tracavitary application; 2. Adequate stor- 
age facilities; 3. Transportation facilities; 
4. Preparation facilities; 5. Remote han- 
dling devices; 6. Record facilities for both 
services and in relation to personnel pro- 
tection. 


VARIETIES OF SOURCES 


Needle Sources. It has been demonstrated 
previously that hyperchrome steel tubing 
is admirably suited for ensheathing cobalt 
wire segments.” Sixteen gauge tubing per- 
mits a rigid source of sufficient diameter to 
be loaded with 1 mm. diameter wire, a 
good size for clinical application, and physi- 
cally yields a better dosage pattern in its 
immediate vicinity than smaller diameter 
tubing. This tubing may be loaded in vari- 
ous ways to achieve desired ends (Fig. 1) :° 


(a) With small active wire segments, 
alternating with inert spacers not exceed- 
ing 0.5 cm. in length (Fig. 1, 4) yielding a 
smooth isodose pattern at 0.5 cm. distance 
from the axis of the source in accordance 
with Paterson-Parker tube rules. Longer 
wire segments may actually yield a lesser 
homogeneity and would not as readily per- 
mit loading to a desired specific activity. 

(b) With one active segment at one end 
and the rest of the needle inactive (Fig. 
1, B) to meet a specific requirement such 
as in our plan of treating carcinoma of the 
cervical stump,’ in conjunction with vag- 
inal colpostats. 

(c) With the ends of the needles over- 
loaded in relation to the central shafts of 
the needles so that the closing of the ends 
is obviated in planar and volume implants 
and molds.! The two types of needles re- 
quired are outer full strength needles (Fig. 
1, C), and inner two-thirds strength needles 
(Fig. 1, D). 

Beads. (Fig. 2) Cobalt 60 rods may be ob- 
tained commercially* one-eighth inch (.32 
cm.) in diameter and cut to any desired 
length. One centimeter lengths may be 
used to load tandems and capsules, or 3.2 
mm. lengths (4 inch) to make beads if a 
1 mm. central hole is bored into the slug. 
The beads may be used in three ways: (a) 
To permit loading a capsule to an exact 
desired intensity by means of multiple 
beads, inert spacers and 0.5 mm. or I mm. 
active wire; (b) To load an irregular plaque 
surface; (c) To load for intracavitary mul- 


* Kulite Tungsten Company, 723 Sip Street, Union City, New 
Jersey. 


* From the University of Arkansas School of Medicine, Department of Radiology, Little Rock, Arkansas. Assisted by The United 
States Public Health Service, National Institute of Health C-1866-C, National Institute of Health H-1702. 

+ Formerly Professor and Head, Department of Radiology, University of Arkansas School of Medicine, Little Rock, Arkansas. Now 
at The Bowman Gray School of Medicine, Wake Forest College, Winston-Salem, North Carolina. 

t Visiting Assistant Professor, Department of Radiology, University of Arkansas School of Medicine, on Fulbright Fellowship. Now 
at The Bowman Gray School of Medicine, Wake Forest College, Winston-Salem, North Carolina. 
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10cm. cm. asem. 


"Sem. n. Active Length 


Ge mezem 10.07 


3mm. 7.5mm. 2.5mm. 


10cm. 


[a65mekmy, 


4mm. 


0.68mc/em /} 


3mm. 7.5mm. 


5mm. 


7.5mm. 


75mm. 


4mm. tmm. 


3mm, 


Fic. 1. Diagrammatic longitudinal sections of the various needle sources. 


tiple source applications (urinary bladder, 
uterine fundus, maxillary antrum, etc.). 

Capsules. (Fig. 3) Cobalt slugs or bead- 
and-wire sources are used to load into cap- 
sules of conventional design and any de- 
sired length. These may have an eyelet at 
one or both ends. 

Ovoids. (Fig. 4) Lucite ovoids or spheres 
may be constructed with central beads or 


Co® Wire imm.in dia. 
Co® Bead 


Fic. 2. Diagram of ‘‘bead and-wire” method of ob- 
taining a desired intensity. Beads may also be 
utilized alone in any fashion. 


slugs for intracavitary use (maxillary an- 
trum, vagina). 

Plaques. (Fig. 5, 4 and B) These are 
conveniently molded and constructed out 
of lucite or other plastic materials to exact 
dimensions and contours. When a plane 
surface is desired, tubular or needle sources 
are embedded in the grooves. For irregular 
surfaces, beads have proved a worthwhile 
expedient. 

A closely fitting aluminum frame is 
made for each plaque. The frame has tabs 
on either side to which rubber bands can 
be attached to the plaque. The frame is 
applied exactly in position first, and firmly 
fixed with adhesive or scotch tape. The 
plaque is then quickly dropped into the 
frame and the rubber bands on the frame 
permit immediate immobilization of the 
plaque with a minimum of exposure to per- 
sonnel. Somewhat similar framing devices 
have been employed with radium. 

Vaginal Applicator. (Fig. 6) This is a 
tubular source inside a wooden cylinder 


3mm. m 
3mm._L0cm Active Lengt mm. 
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A. 


LScm. 


Chrome-~Plated Brass 
Co® Capsule 


Fic. 3. Longitudinal section diagram of cobalt 60 
capsule. This may contain either slug as shown 
or a “bead-and-wire” arrangement of sources. 


which, in turn, is encased in a rubber 
sheath at the time of insertion. This is in- 
serted by means of a long removable han- 
dle. The applicator may be retained in the 

vagina by temporarily approximating the 
labia minora by means of sutures. 

This may be loaded more heavily at the 
cervical end if desired. 

Carcinoma of the Cervix Applicator. (Fig. 
7, 4, B, C and D) This applicator has 
formed the basis for our intracavitary 
method of treating carcinoma of the cervix 
and has been described in detail elsewhere.‘ 
In brief, it consists of three separable main 
segments—a central tandem on a long han- 
dle, and two colpostat capsules each on a 
separate handle. Each part is inserted sep- 
arately and then assembled after insertion 
to form a rigid applicator with a constant 
axial relationship and a known spread of 
the colpostats. The only unknown factor 
for calculation of dosage is the relationship 
to bladder and rectum, determined after 
insertion by roentgenograms of the pelvis 
in the anteroposterior and lateral views. 

Special tables have been presented for 
computation of dosage when this applicator 
is employed. 


STORAGE FACILITIES 


Concrete Store. (Fig. 8, 4 and B) An in- 
expensive concrete storage facility is shown 
which is simply constructed by pouring 
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dense concrete into a box as shown in Fig- 
ure 8 4, top. The sides of this box or mold 
are only clamped so that they may drop 
away and the mold may be used as many 
times as nesessary. The wooden sections 
forming the cells are extracted readily. 
Each cell block cast is mounted on another 
similar section until the desired number of 
cells is obtained (Fig. 8 B). These are 
mounted against an earth or concrete wall, 
preferably near an elevator shaft to facili- 
tate transportation and distribution. 

The source container units are designed 
to fit readily into the cells and are of suita- 
ble size to contain the various sources. The 
lead-protected handle and the distance 


Fic. 4. Lucite ovoid containing a fairly high specific 
activity source centrally for use in appropriate 
cavities. 
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Fic. 5. (4) Lucite plaque and its aluminum frame made up of needle sources. (B) Lucite plaque and 
aluminum frame shaped to body contour loaded with bead sources. 


from the source are additional protective 
adjuncts for handling. 

The main advantages of such a storage 
facility are its adaptability to most hos- 
pitals or office buildings, its economy and 
simplicity of production, and feasibility of 
removal of a small quantity of radioactive 
material without being exposed to the other 
sources being stored. 


TRANSPORTATION FACILITIES 


A lead cylinder dolly (Fig. 9) is a con- 
venient transportation device for moderate 
intensity sources. Smaller sources may be 
carried in suspended lead spheres at a dis- 
tance from the carrying arm and body. 
These are available commercially in various 
designs and lead thickness. 
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PREPARATION FACILITIES 


(a) Lead “L” (Fig. 10). This is a conven- 
tional “L”’-shaped lead block with two mir- 
rors mounted so that the work surface is in 
good view of the operator. A thick plate 
glass shield is employed superiorly. Modifi- 
cations of these are obtainable commer- 
cially and may be employed in conjunction 
with various enclosed “‘hot-boxes” for the 
handling of “dusting” radioactive mate- 
rials. Similar lead “‘L”’ tables are used not 
only for preparation of sources, but also as 
work tables in the operating room. 

(b) Wire Cutter (Fig. 11, 4 and B). The 
illustrated wire cutter is a modification of 
a similar device used in conjunction with 
radioactive gold 198 wire (Abbott Labora- 


S0am 95.0mm 
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tories) but the latter, we have been in- 
formed, is not suitable for cobalt 60.5 The 
calibrated screw mechanism at the end 
is first approximated against the hole con- 
taining the wire in the lead cylinder. Each 
complete turn of the screw mechanism 
withdraws the screw from the hole one 
millimeter. The stylet forces the wire seg- 
ment to be cut a known distance against 
the flat end of the screw. A guillotine blade 
cuts the wire against the lead cylinder, 
and the desired length falls into the trap 
from which it is removed by a magnetic or 
other suitable handling device (p. 1101). 

(c) Needle Loading Device (Fig. 12). 
This is a modification of a loading device 
used at Ohio State University for loading 


Active Length Gem 


34.8 e/he. 474 r/hr. 34.2 ¢/hr. 
A 17.O¢/ne 24.3 rhe. 17.2¢/he 


Fic. 6. (4) Longitudinal section diagram of special vaginal applicator indicating recommended method ot 
“heavy-loading” one end and the gamma roentgen dosage delivered at various points with the loading as 
indicated. (B) Photograph of special vaginal applicator with handle detached. 
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tripartite carcinoma of cervix applicator. 


nylon tubes and metal cylinders with cobalt 
60 wire segments. It consists primarily of a 
trough into which the cobalt 60 segment is 
placed against the cylinder to be loaded. 


— 
BRASS 
LEAD COBALT Ss 


Fic. 7. (D) Longitudinal section diagram of a single 
colpostat source as used in carcinoma of cervix ap- 
plicator. 


To prevent buckling or movement of this 
cylinder while the stylet forces in the co- 
balt 60, the trough is closed on its supe- 
rior aspect as shown by rotation of the inner 
sheath of the trough prior to movement of 
the stylet. The latter pushes the source, 
now in a closed trough, into the needle 
sheath or nylon or plastic tube. 

(d) Needle Pot (Fig. 13, 4). Needle 
pots as shown may be constructed from 
salvaged discardable radioiodine shipping 
containers. Twelve gauge sheathing tubes 
are inserted into the core of these pots and 
spaced apart by poured lead or concrete. 
The length of the tube so inserted varies 
with the length of the 16 gauge needle so 
that only the eyelet is permitted to pro- 
trude. This may thereafter be used as a 
safe container for threading needles, for 
transporting needles, for autoclaving, and 
for storing the threaded and autoclaved 
needles on the operating set behind the 
lead “‘L” until the needles are used. 


r 


Chr we 


oe Fic. 7. (4, B, and C) Assembled and disassembled frontal views and side view of the 
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On the side of the needle pot, a cleat is 
provided for each needle so that the threads 
may be wound and unwound separately 


(Fig. 13, B). 
HANDLING DEVICES 


Capsule Holder. (Fig. 14) This may be 
made from uterine packing forceps or 
sponge forceps by removing the ends and 
replacing them with a tenaculum device as 
shown. The teeth meet in the eyelet of the 
capsule firmly grasping the eyelet, while 
the outer circumference of the end of the 
forceps, being of the same external diameter 
as the capsule, virtually fuses with it allow- 
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ing unimpeded insertion and withdrawal 
into and from a cavity—the latter interfer- 
ence occurring with the conventional bi- 
valved capsule holders. 

Magnetic Holder. (Fig. 15) This device 
is a converted flashlight with the bulb end 
replaced by a long rod with a small pointed 
electro-magnet at the end, powered by the 
flashlight dry cells. This device permits the 
remote handling of cobalt wire segments. 

Miscellaneous Handling Devices. There 
are, of course, numerous conventional han- 
dling devices which should be available— 
such as “radium” needle-holders, pushers, 
threaders, “radium” pick-up forceps. 


Aur Duet 


Cell Block Cast 


Source Contamer Lead End Plug 
(4°44 45° 2° 435° 


(angi 


A Source Container Unit 


Concrete on Earth 
loor . 


Fic. 8. (4) Top: cell block mold for casting the concrete cell blocks; middle: cell block cast as it appears 
after removal from mold; bottom: source container for individual cells. (B) Frontal view of assembled 
cobalt 60 cell block safe against an earth wall behind an air duct in the sub-basement. An elevator is 


nearby. 


| 
| 
= 
Cell Block Mold Sire. 


1100 


Fic. 9. “Dolly” for transporting the cobalt 60 sources 
from the safe to the operating or loading room. 


RECORD FACILITIES AND METHOD 


Each radioactive source is tabulated on 
an index card and also has a corresponding 
circular metal re-inforced tag with an eye- 
let. The description of the source and its 
intensity at a given date are recorded on the 
tag. A peg-board is provided with cup- 
hooks,* and so arranged that individual 
cup-hooks are provided for sources cur- 
rently in use (Fig. 16). 

Thus, at a glance, the operator planning 
an implant may remove from the board 


* This is not original here, but is a modification of similar de- 
vices seen elsewhere and is represented as a useful expedient to 
follow. Originator is unknown. 
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those tags corresponding to sources which 
he wants removed from the safe for use. 
When these sources are placed on the oper- 
ating set, the tags are placed on the hooks 
indicating that they are in use. When, in 
turn, the sources are replaced in the safe, 
the tags are replaced in proper position in- 
dicating that the sources are once again 
available for use. Therefore, the location 
and availability of each source are always 
known. 

The permanent index cards merely pro- 
vide a life-long record system for each 
source and need not indicate current avail- 
ability since some sources are ultimately 
discarded as will be described. 


DISPOSAL OF WEAK SOURCES 


Once a source is weaker in intensity than 
0.15 mc per centimeter, it no longer has 
significant clinical usefulness and a method 
of disposal must be provided. 

A temporary simple expedient is to sus- 
pend such sources centrally in a jug and 
pour concrete all around the sources in the 
jug to reduce exposure at the surface to 
tolerable levels. These may then be stored 
in a designated unused area or shipped to 
Oak Ridge for permanent disposal. 


Fic. 10. Lead “L” for loading and manipulating 
radioactive sources. 
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254 threads 
per inch 


Fic. 11. (4) Longitudinal section of cobalt 60 wire cutter. (B) Photograph of the wire cutter. 
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Fic. 12. Cobalt 60 needle or flexible source loader. 
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Lead 
Confainer Cap 
cm. Q 

L.Ocm. 


4em. Needle — 
Poured Lead Z 


H—Cleat ( 
12 gauge | 
Sheathing 
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N 
TOP VIEW 
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Fic. 13. (4) Cobalt 60 needle pot for threading, autoclaving, and separate handling of needles. 


SUMMARY plaque applications. Some of these items 


Various methods and items of equipment 2d methods are original. Others have 
are described which present practical grown into use from sources unknown. It 
means of handling and storing small radio- 1s regrettable, therefore, that the latter 
active cobalt 60 sources to assist the estab- items cannot be properly acknowledged. 
lishment of interstitial, intracavitary, and They are nevertheless worthy of publica- 


Fic. 13. (B) Recent modification of needle pot with lead poured into mold around 12 gauge hyperchrome 
steel tubing of sufficient internal diameter to contain standard 16 gauge needles. 
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Special Capsule 
Holder $ Pusher 


Fic. 14. Special capsule holder and pusher. 


tion. Most of the items mentioned which 
are not commercially available can be made 
readily in an average machine shop or 
maintenance division. 


Dr. I. Meschan 
The Bowman Gray 

School of Medicine 
Winston-Salem, North Carolina 


We are indebted to Mr. John Calvin Jackson, in- 
strument machinist, for the fabrication of the above 
items, and to Mr. Clifton G. Young, research tech- 
nician, for assistance with the above. 
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Fic. 15. Magnetic cobalt 60 wire holder. 
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Fic, 16. ‘“Peg-board” and “tags” for record keeping of radioactive sources. 
(An additional index card system is also used.) 
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DOSAGE CALCULATIONS FOR ROTATION THERAPY 
WITH SPECIAL REFERENCE TO COBALT 60 


By H. E. JOHNS, Pu.D., F.R.S.C.,* M. T. MORRISON,+ and G. F. WHITMORE? 
From the Physics Depart ent, University of Saskatchewan, and Cancer Clinic, Saskatoon, Canada 
SASKATOON, SASKATCHEWAN, CANADA 


NE of the difficulties encountered in 

the use of rotation therapy in the past 
has been the determination of the dose re- 
ceived by the tumor during treatment. In 
standard fixed field therapy the treatment 
is carried out using a fixed field size on the 
skin and a fixed focal skin distance, so if 
the depth of the tumor is known then the 
dose received by the tumor may be easily 
found from prepared isodose or depth dose 
curves. It has been standard practice in 
the past to publish depth dose data using 
half-value layer, focal skin distance and 
entrance field size as the parameters. Dur- 
ing rotation therapy both the focal skin 
distance and the field size on the skin vary 
continuously, making dose determination 
using depth dose tables very difficult. This 
difficulty may be overcome using the con- 
cept of tumor-air ratios which enable one 
to find the dose at the tumor provided that 
the source to tumor distance and the field 
size at the tumor are both known. 

In a previous paper’ a system of dosim- 
etry for rotation therapy in the 200 kv. re- 
gion was developed and discussed in detail; 
tables were given of tumor-air ratios for 
circular and rectangular fields for selected 
values of the half-value layer. A method 
by which the approximate skin dose could 
be determined using skin air ratios was 
also explained. In the present paper more 
complete tables of tumor-air ratios for the 
200 kv. region are presented and these have 
been further extended to include cobalt 
radiation. 

In the former paper examples were given 
of the use of the tumor-air ratios in the 
determination of dosage rates at the center 
of rotation for the 200 kv. region. The pres- 
ent paper includes tumor-air ratio tables 


for cobalt radiation and examples of their 
use in the treatment of lesions in the lung 
and bladder. In addition, a method is given 
whereby the dose received during cobalt 
treatments at points other than the center 
of rotation may be determined. 


THE DETERMINATION OF 
TUMOR-AIR RATIOS 


A. Tumor-Air Ratios for Circular Fields. 
The tumor-air ratio® is defined as R,=D, 
/Da (Fig. 1). It is the ratio of the dosage 
rate D, measured at the tumor position T 
to the dosage rate D,, measured in air at 
the same position in space but with no over- 
lying or backscattering material present, 
the measurements in both cases being 
made with equilibrium wall chambers. This 
ratio may be expressed in terms of known 
parameters as follows: 

The dosage rate D, on the skin surface 
is related to the dosage rate in air at the 
tumor position D,, by 


D.=Da(=—) @ 
(a) 


where B is the backscatter factor for an 
entrance field of area 4, F is the focus to 
tumor distance and ¢ is the thickness of 
tissue. The backscatter factor is simply the 
ratio of the skin to the air dose. In terms of 
the area of the field at the tumor, 4%, the 
field 4 on the skin is given by 


A=A (=). (2) 
F 2 


If P is the percentage depth dose at depth 
t the dosage rate D, is given by 


P P 
D.=DsX¥— = Dua (—) 
100 


F-t 100 


* Professor of Physics and Physicist to the Saskatchewan Cancer Commission. 


+ Graduate Student, University of Saskatchewan. 
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qyage Rote on 
Skin Surface 


SCATTERING AND 
ABSORBING MATERIAL 
Dt= Dosage Rate at 


in Air Z #3 Tumor Position With 
Overlying Tissue of 


Tumor-Air Rotio = Ot 
Oto 


Thickness d 


Fic. 1. Diagram to illustrate the meaning of “‘tumor-air ratio.” 


and hence the tumor-air ratio 


F (P) 
Ra 


For cobalt radiation equation (4) becomes 
slightly modified to allow for the fact that 
the 100 per cent depth dose occurs at a 
point 0.5 cm. below the skin surface. For 
cobalt radiation the tumor-air ratio is given 


b 
J Dz F 
R.= -( 
Dia 
where B’ is defined as the ratio of the dose 
received at a point 0.5 cm. below the sur- 
face of a phantom to the dose received in 
air at the same point measured with an 
equilibrium wall detector. 

Tumor-air ratios have been calculated 
for circular areas from 0 to 400 cm.? using 
the depth dose values published by Johns 
et al.’ for half-value layers of 1.0, 2.0, 3.0 
and 4.0 mm. Cu and for cobalt radiation. 
These are presented in Table v1. 

These tables are valid for all focus to 
tumor distances in the range 40-100 cm. 
Superficially R, is a function of F' but 
further detailed calculations show that in 
fact the tumor-air ratio is independent of 


F—t+o.5 100 


focal skin distance over the range 40-100 
cm. 

It will be noted that at large depths the 
tumor-air ratio is greater for the harder 
radiation because of the smaller amount 
of absorption. On the other hand, for small 
depths the tumor-air ratio is greater for the 
softer radiation because of the larger back- 
scatter factor. These effects are particularly 
noticeable if one compares the figures for 
cobalt with those obtained in the 200 kv. 
region. The backscatter values used in the 
previous paper were from preliminary re- 
sults obtained in this laboratory.? Those 
used in this paper were obtained from more 
precise measurements carried out in this 
department.‘ It may be seen from equation 
(4) that the tumor-air ratio for =o is just 
B and this is nothing more than the back- 
scatter factor. For example, in Table vi 
circular area 50 cm.®, half-value layer 1.0 
mm. of Cu, the tumor-air ratio is 1.29 for 
depth zero and this is the backscatter fac- 
tor for a circular area of 50 cm.. Any slight 
discrepancies between the values of the 
tumor-air ratios presented in this and the 
previous paper’ are due to revised values 
of the backscatter factor. 

B. Tumor-dir Ratios for Rectangular 
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> 


Radius,r 


Fic. 2. Tumor-air ratios for circular fields for cobalt 
60 plotted against the radius of the field. The insert 
shows how the tumor-air ratio for a rectangular 
field may be obtained from data for circular 
fields. 


Fields. The tumor-air ratios for rectangular 
fields are calculated using a method an- 
alogous to Clarkson’s method! for the de- 
termination of depth dose values for fields 
of irregular shape. The first step in the 
procedure is to plot a graph of the tumor- 
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Measured Points 

@ 90° 
* pt 50° 
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Tissue Thickness,t 


Fic. 3. Comparison of tumor-air ratios determined 
experimentally with calculated data for cobalt 60 
radiation; 7.29.6 cm. field size at tumor, 96 cm. 
focus to tumor distance. Experimental points were 
obtained using both normal incidence and oblique 
incidence (see insert). 


air ratio versus the radius of the field for 
a number of depths as shown in Figure 2 
for cobalt radiation. The rectangular field 
is divided into equi-angular segments as 
indicated in the insert of Figure 2 and the 
radius r of each of these segments obtained. 
These are given in Table 1, column 1, for 
a 15 by 4 field. For each radius the tumor- 
air ratio is found from Figure 2 for the 


TABLE I 


CALCULATION OF TUMOR-AIR RATIOS FOR A I§ BY 4 FIELD FOR COBALT 60 


| 
iti Thickness of tis- | | 
6 | I | 
3.0 | 1.010 -946 770 604 | .468 
1.011 .948 774 608 | 
2.3 1.012 -951 .780 614 | -477 
2.5 1.013 -954 .786 621 .484 
2.8 1.014 | -959 -796 .630 492 -342 
1.017 | .969 814 -651 512 
4-7 | .984 .840 681 -543 382 
| 1.033 1.002 726 -433 
7-5 | 1.034 1.003 | -877 729 596 
Average R;, | 1.018 | .968 .813 
i.e., for 15 by 4 field —| 


WA, 
4 12 16 
| 
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given depths, ¢. The average tumor-air 
ratio is then determined for each column 
and this average is the tumor-air ratio for 
the rectangular field. These values may 
then be plotted versus depth and other 
values obtained. Table vir was prepared 
in this manner and gives the tumor-air 
ratios for a number of rectangular fields for 
half-value layers 1.0, 2.0, 3.0 and 4.0 mm. 
of copper as well as for cobalt radiation. 

C. Experimental Verification of Tumor- 
Air Ratios for Cobalt Radiation. Tumor-air 
ratios were determined experimentally for 
three different field sizes. A Baldwin- 
Farmer dosimeter was used in conjunction 
with a water phantom. The measurements 
in air were made with an additional 3 mm. 
lucite cap over the chamber to give equi- 
librium wall thickness. The distance from 
the source to the chamber was held con- 
stant at 96 cm. and the intervening water 
thickness, ¢, varied. The experimental re- 
sults, for a 7.2 by 9.6 cm. field at the tumor, 
are shown in Figure 3 where they are com- 
pared with the calculated values shown in 
the smooth curve. 
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In order to test the validity of the tables 
when used for conical rotation calculations 
(see example 2 below) the beam was angled 
at 50° and the distance, ¢, varied while the 
focus to tumor distance, F, was kept con- 
stant. The experimental arrangement is 
indicated in the insert of Figure 3 in which 
the ionization chamber is placed at point 
T. The points obtained in this way are also 
plotted in Figure 3 and any departures of 
the measured points from the theoretical 
values in either case are within the limits 
of experimental érror. Thus, for cobalt 
radiation at least, the angle of incidence 
of the beam has no effect on the tumor-air 
ratio if the angle is kept within practical 
limits. 


APPLICATION OF TUMOR-AIR RATIOS 


Tumor-air ratios are applied in much the 
same way as depth dose tables are used 
for multiple field therapy with the differ- 
ence that for rotation therapy the depth 
of the tumor below the skin is measured at 
20° intervals instead of for each entrance 
port. This is illustrated in the two examples 


\ 
\ 


\ 
240° 


Fic. 4. Use of the body contour in dose determination at points T and P for rotation treatment of the left 
lung by cobalt radiation, 8X8 cm. field, 80 cm. focus to tumor distance. 
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given below, the first being for a rotation 
about a tumor in the lung and the second 
for conical rotation about a tumor in the 


bladder. 


Example 7. Let us suppose that a tumor in 
the left lung is being treated by cobalt radia- 
tion using a field of 8 by 8 cm. at the tumor, 
with the patient in an upright position and the 
beam rotating horizontally. To find the central 
tumor dose it is first necessary to determine the 
body contour in the plane of rotation. On this 
contour radii are drawn at 20° angular intervals 
as shown in Figure 4. The values of the tumor- 
air ratio corresponding to the different radii 
are then tabulated (see Table 11, column 3) and 
the average value found. The tumor thus re- 
ceives §7.1 per cent of the air dose at 7. A 
shorter approximate method which can be used 
when there is little variation in the radii is as 
follows: The average radius is determined and 
the corresponding value of R; is found from the 
table. In this case, the average radius of 13.2 
cm. yields a tumor-air ratio of 56.2 per cent as 
compared with 57.1 per cent using the more ac- 
curate method. The agreement between these 
values would not be nearly as good if the calcu- 
lation had been made for 200 kv. radiation, 
the approximate method giving a value about 
10 per cent too low. The short method should 
only be used if the tumor is centrally located 
within the body. 

Example 2. As mentioned previously, the ex- 
perimental check of the tumor-air ratio tables 
showed that these were also valid in the case 
where a cobalt beam enters the phantom ob- 
liquely. Thus, if a conical rotation treatment is 
used, it is still a simple matter to determine the 
central tumor dose. The focal tumor distance 
remains fixed, so that a set of measurements 
of the diaphragm to skin distance during a trial 
rotation gives the intervening tissue thickness, 
t, directly by subtraction. These measurements 
are made with a disk and graduated rod device 
attached to the cobalt unit itself. 

We will suppose that a patient with a bladder 
lesion is being treated by conical rotation, 
through both the anterior and posterior skin 
surfaces. It is necessary that both beams inter- 
sect at the same point on the axis of rotation, 
that is at the center of the tumor. The patient 
lies in a horizontal position with the beam 
angled at 45°, the pin and arc device being used 
for positioning. The treatment is with cobalt 
radiation, using a source to tumor distance of 
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Taste II 
CALCULATION OF CENTRAL TUMOR DOSE (LUNG) 
(coBALT 60) 
Angle | Thickness, ¢ | R; 
° | 10.6 
20 10.2 | .668 
40 10.2 668 
60 | 10.1 672 
80 10.3 664 
100 -633 
120 13.0 568 
140 .498 
160 17.8 430 
180 20.1 376 
200 20.5 366 
220 18.2 420 
240 12.4 
260 -633 
280 11.8 .608 
300 12.8 -574 
320 11.g -605 
340 11.0 636 
Average 13.2 cm. R,=.5§71 


96 cm., field size at the tumor 7.2 by 9.6 cm. 

Skin distances are measured at 22.5° inter- 
vals during half a rotation for the front and 
back. This is sufficient since the tumor lies on 
the midline and symmetry is present. The re- 
sulting tissue thicknesses are tabulated and 
the average tumor-air ratio worked out as in 
Table 1. Since the variation in ¢ is small for 
the posterior rotation, the mean value of the 
thickness, /, is taken to give the effective R;. For 
the anterior rotation individual values of R, 


Taste III 


DOSAGE CALCULATION FOR CONICAL ROTATION 
(BLADDER) (COBALT 60) 


Anterior Rotation | Posterior Rotation 
t (cm.) R; | t (cm.) 

17.9 14.2 

17.5 14.0 

15.0 13.5 

12.3 .600 12.7 

11.3 -635 32.2 

10.2 .676 

10.0 11.0 

9.8 .690 10.0 


Average .585 


Average 12.4 Ri=.597 
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are tabulated and averaged to give the effec- 
tive value. These are multiplied by the dose 
rate in air at 96 cm. to obtain the individual 
dose rates at the center of the tumor for the 
posterior and anterior rotation. In practice an 
equal central tumor dose should be delivered 
by the posterior and anterior rotations as this 
will produce a minimum dosage gradient 
throughout the tumor volume. Treatment 
times for the posterior and anterior rotations 
should thus be inversely proportional to the 
tumor-air ratio for each surface. Since in this 
example the average R, is almost the same for 
the front and back, the treatment times could 
be made equal. 


These two examples illustrate how tu- 
mor-air ratios may be used to determine 
the dose at the center of rotation. The 
method works satisfactorily regardless of 
the body contour, since this is taken into 
account in the determination of the tumor- 
air ratios. The calculations are just as pre- 
cise as those making use of depth dose 
tables in fixed field therapy. At times the 
dose at some point other than the center 
of rotation is required. A method for ob- 
taining this is discussed in the next section. 


CALCULATION OF THE DOSE AT ANY 
POINT IN A ROTATION DISTRIBUTION 
(COBALT) 


The calculation of a complete rotation 
distribution is a very lengthy procedure 
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involving the production of a number of 
suitable isodose curves and their superposi- 
tion over the body contour at regular 
angular intervals. However, for cobalt 
radiation, if the dose is required at only 
one or two points other than the tumor cen- 
ter, then a simple, although approximate, 
method of approach is possible. Similar cal- 
culations have been carried out by Moos,® 
but in his method no account is taken of 
the scattered radiation outside the beam. 
Detailed calculations and measurements 
show that, for cobalt, neglect of this scat- 
tered radiation may give a result which is 
considerably lower than the real value, if 
the point where the dose is calculated lies 
an appreciable distance outside the beam. 
The method described below does take the 
scattered radiation into account. 

The method may be outlined by refer- 
ence to Figure 54. Here T is the center of 
rotation and the dose at a point P, distance 
d from the center, is to be determined. As 
the rotation proceeds, the phantom carry- 
ing the point P rotates and P will take up 
all positions along the dotted circle CBDC. 
In what follows the dose at P relative to 
that at T is determined. Since the dose at 
T can be obtained from the tumor-air ra- 
tio, regardless of body shape, the dose at 
P can also be obtained, regardless of body 
shape. However, to make the method prac- 
tical, some simplifying assumptions must 


B 


Fic. 5. Diagrams illustrating the calculation of the dose at point P for a complete rotation 
of the cobalt beam 
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be made and for these reasons, the ratio 
of the dose at P to that at T is determined 
to within about 5 per cent for any body con- 
tour. For a circular contour the precision 
is greater. 

It may be seen that the dose received at 
P is made up of three components, the first 
being that while P lies within the beam on 
the entrance side of 7, that is over an angle 
of rotation 6,, the second while P lies out- 
side the beam over an angle 4, and the third 
while P lies inside the beam on the exit side 
of T over an angle 63. 

These three contributions are deter- 
mined separately. The angles 6, and 6; 
depend on the distance ‘d’ from T to P, the 
focal tumor distance F and ‘r’ the half 
width of the field at the tumor. It can be 
shown that the angles 4; and 4; are given 
approximately by 


cos (0,/2) = 


cos (63/2) = 


where we neglect r? and d? in comparison 
with 
The third angle 42 is 


0. = 24 — (0,+83). 


A. Calculation of the Dose Inside the 
Beam. The dose at P relative to that at T 
can be obtained by comparing the dose at 
P to that at P; and then comparing the 
dose at P; to that at T (Fig. 5B). While the 
point P is inside the beam, the ratio of the 
dose at P to that at P,; shows little varia- 
tion as P moves across the beam. Analysis 
of a number of isodose curves shows that 
the average of this ratio of the doses at P 
to that at P; is 0.97, as P moves from the 
edge of the beam to the axis. The ratio of 
the dose at P, to that at T is obtained from 
an X correction factor which depends on 
the distance x from T to P;. In what fol- 
lows this X correction factor is reduced by 
the constant factor 0.97 to take into ac- 
count variations along P,P. With this un- 
derstanding of the X correction, the total 
dose received by P while it is in the beam on 
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on the entrance side is given by 
Average (R;-X) X— - (7) 
360 


A similar expression applies when P is in 
the exit position with 6, replaced by 63. The 
X correction factor is obtained in the fol- 
lowing way: 


The X-correction Factor. 


From Figure 58, it is evident that the XY 
correction factor is given by 


-(0.97) (8) 


where R, is the tumor-air ratio for tissue 
thickness ¢ and R,,, is the tumor-air ratio 
for thickness ¢+x. The quantity x may be 
+ve or —ve and is given by d cos 6. The 
term |F/(F+x)}? corrects for the inverse 
square law and the term 0.97 has already 
been discussed. The X correction factor as 
determined by equation (8) is given in 
Table 1v for areas of 35 and 70 cm.? for a 
number of tissue thicknesses. 

For a constant value of x the X correc- 
tion factor does not vary much as the field 
size is changed or the thickness of overlying 
tissue is altered. For this reason, a single 


Taste IV 


X-CORRECTION FACTOR. COBALT 60, FOCUS TO 
TUMOR DISTANCE 80 CM. 


Tissue Tissue Tissue 
Thickness | Thickness Thickness 
8 cm. 12 cm. 16 cm. 

x Area Area Area 
cm. | 35 70 35 7° 35 7° 
—14 3-07 2.89 
—12 2.66 2.53 
—10 2.31 2.091 2.47: 
— 8 1.84 1.78 1.92 1.86 
— 6| 1.50 1.45 | 1.60 1.55] 1.63 1.58 
1.92 3.6281 2596 1.4361 
2} 3.33 1.39] 3.396 3.33) 3696 
+2] .82 .82 
+ 4 .69 .70 
+ 6 | .§8  .60 
+8) .49 «50 
+10 42.44 
+12 36 37 | 
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el Kic. 7. Curves from which the dose at point 9 (see 
Fig. 54) outside the beam may be determined for 


various intervening tissue thicknesses. These 
curves are applicable to any field size. “‘d” is the 
distance of the point in question from the center 
of rotation and “r’’ is the half width of the field 
at the tumor. 


Fic. 6. Curve showing the X correction factor for 
varying distance, x, along the beam axis. This 
curve is applicable to any field size and any inter- 
vening tissue thickness. The X correction factor 
is the ratio of the dose at P to that at T of Figure 
5B, when P is inside the beam. 


TABLE V 


CALCULATION OF DOSE AT POINT P OF FIGURE 4, RELATIVE TO THAT AT THE TUMOR CENTER (COBALT 60) 


I 2 3 4 | 5 6 7 
Angle x xX av 

Exit 340 | | 0s 
Component fe) .652 +9.0 | .480 | .314 323 a (RiX)ay = .0527 
6; = 58° | 20 +8.4 | 336 3 
Entrance 160 —8.4 1.86 | .800 ~6, 
Component 180 376 —9.0 1.98 | .743 744 = (RtX)ay = .097 
6,=47° 200 . 366 —8.4 1.86 | .680 3 
Scatter 40-140 Average Ry=0.594 0» 
Component 220-320 a (Ri)avY = .0361 
6.= 255° Y correction .066 3 

Transmitted portion* —.020 

Total Y correction .086 Total = .186 


* In the original design of the Saskatoon Unit 2 per cent of the radiation is transmitted through the diaphragms. 
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TaBLe VI 
“I TUMOR-AIR RATIOS FOR CIRCULAR FIELDS 
A H.V.L.—1.0 mm. Cu 
rea 
Depth fe) 20 35 50 80 100 150 200 400 
te) 1.00 1.20 1.25 1.29 1.34 1.37 1.40 1.42 1.49 
2 682 1.08 1.18 1.26 1.33 1.36 1.42 1.48 1.58 
4 472 844 -948 1.02 1.18 1.2) 1.43 
6 330 631 -726 799 goo 954 1.04 1.10 1.24 
8 232 466 612 741 835 894 1.04 
10 163 341 406 452 «SSF 569 646 -703 838 
12 114 246 294 339 - 400 432 499 +549 675 
14 079 178 250 300 325 382 534 
16 OSs 128 .158 184 .225 245 290 326 421 
| 18 039 093 -116 135 . 167 183 219 248 327 
20 .027 067 .084 099 .125 138 168 1g0 254 
H.V.L.—2.0 mm. Cu 
1.00 1.16 1.19 1.23 1.29 1.34 1.42 
0 2 -720 1.05 1.13 1.19 1.25 1.28 1.35 1.38 1.48 
4 -993 1.09 1.20 3.24 1.35 
6 «372 .642 -730 . 800 -927 1.01 1.07 
8 .268 .619 -705 -745 -824 .888 1.01 
10 193 -477 -5§2 -593 -662 .840 
2 12 .140 .270 367 -427 .460 .§20 .569 .682 
14 .102 .201 328 356 410 -452 550 
16 -073 .150 .209 360 446 
18 .0S4 138 -193 .212 .286 -363 
20 .039 .O88 .120 -147 -163 .198 .290 
H.V.L.—3.0 mm. Cu 
° 1.00 1.13 1.16 1.19 3.29 1.24 1.27 1.29 3.99 
2 736 1.03 1.10 1.15 1.20 3.22 1,27 1.30 1.39 
4 542 828 gi2 -968 1.05 1.08 1.14 1.18 1.29 
6 404 651 727 785 .861 gOS 975 1.03 1.14 
8 296 500 565 617 -694 738 800 855 974 
10 222 382 435 480 552 Sg! 659 703 820 
12 164 290 335 372 +430 465 519 565 676 : 
14 123 220 256 284 «$92 364 410 455 $52 
16 Og2 167 197 219 .258 283 325 365 452 
18 068 128 152 169 201 220 259 2 37¢ 
20 OS! 098 116 130 157 171 204 232 299 
H.V.L.—4.0 mm. Cu 
fe) 1.00 1.10 re 1.15 1.18 1.20 3.28 1.24 1.29 
2 -750 1.01 1.06 1.10 1.14 1.17 1.20 1.24 1.32 
4 562 821 -893 941 1.01 1.04 1.10 1.13 1.23 
6 642 .762 841 871 940 1.08 
8 -498 - 560 -775 .828 -941 
10 387 -437 -478 .640 -789 
12 -IgI 298 +339 -662 
14 -146 .264 .292 360 -410 
16 -112 .178 .204 .284 365 
18 .086 137 -159 .176 .209 261 .290 
20 .067 .106 -123 -136 -164 .178 .208 -231 308 


ee 
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TasBLe VI—Continued 

Area COBALT 

Depth fe) 20 35 50 70 100 150 200 400 
0.5 1.00 1.012 1.016 1.019 1.022 1.026 1.031 1.035 1.047 
2 -904 .966 -975 .984 -993 1.001 1.006 1.020 
4 +790 .873 -893 -917 +928 
6 788 .826 .840 .870 
8 .606 .702 -726 -760 -776 -794 . 809 
10 $32 .622 .646 665 .682 .700 -720 -776 
12 .466 .609 .629 .651 .666 -713 
14 .408 .484 .507 — .587 -603 .654 
16 +427 . 466 504 .528 -599 
18 314 -378 -398 450 +475 
20 .278 368 383 «400 -445 §00 


curve for the X correction factor is ob- 
tained from Table rv and presented in Fig- 
ure 6. The total inaccuracy introduced by 
assuming a single curve has been tested in 
several cases and found to be less than 2 
per cent. 

B. Dose Outside the Beam. The accurate 
way to determine the dose while P is out- 
side the beam, is to determine the dose at 
every point from C to B to D, of Figure 
5A, and average. This could certainly be 
done by the use of the appropriate correc- 
tion factors. However, in practice, a simpler 
and satisfactory way is to determine em- 
pirically the position of some point Q (Fig. 
54) which receives the same dose as the 
average dose along the path CBD. An- 
alyses of the isodose curves shows that 9 
is situated 6/10 of the way from 4 to B so 
that 79=r+o0.6(d—r). This is approxi- 
mately true for all field sizes and for vary- 
ing values of angle #2. Thus the point P 
may be thought of as remaining stationary 
at 9 for all the time in which it lies outside 
the beam. 

Consider the insert of Figure 7. The 
ratio of the dose at 91, 92, ... etc., to the 
dose at T may be determined from the ap- 
propriate isodose curves. Let these ratios 
be called the Y correction factors where 
Y=De¢/Dr. They may be plotted against 
T9/r or against d/r since TQ and d are 
related by T9=r+o0.6(d—r). The graphs 
of Figure 7 are plotted against d/r. An 
auxiliary scale showing 79/r is given at 
the top of the diagram. To use Figure 7, 


only the scale of d/r need be considered. 
When the ratio De/Dr of Figure 7 is plotted 
against T9/r, there is only a slight varia- 
tion with field size and it is therefore possi- 
ble to draw average curves which represent 
all field sizes. The curves shown in Figure 
7 were obtained in this way and are for tis- 
sue thicknesses ¢=8, 12 and 16 cm. 

To find the dose outside the beam we 
obtain the Y correction factor from Figure 
7 and multiply it by the average value of 
R, for the angle 6, and the fraction 62/360. 
The dose outside the beam is thus 


(Average of R,)(Y) one (9) 
360 


where the average of R, now corrects 
for the variations in the dose received at 
T. If any appreciable radiation comes 
through the diaphragms then a correction 
may be made by adding a constant amount 
to the Y correction factor. 

The use of the X and Y correction fac- 
tors is best illustrated by an example. 


Example 3. In an earlier part of this paper a 
calculation was made for the tumor dose re- 
ceived in a rotation treatment with cobalt for 
a tumor in the left lung. It is now proposed to 
calculate the dose received at the point P (Fig. 
4) in the right lung, 9 cm. from the center of 
rotation, by the method which has just been 
outlined. 

The first step is to determine the angles 6; 
and 63; using equation (6). Substituting r=4 
cm., d=g9 cm., and F=8o0 cm., we obtain = 
47° and @;= 58°. The values for R; have already 
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Depth 
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Taste VII 


TUMOR-AIR RATIOS FOR RECTANGULAR FIELDS 


IIIS 


| | | 
4X6 4X8 4X10 | 4X15 


6X6 | 6X8 | 6X10 6X15 | 8X8 


4X4 | | 8X10 | | JOX IO | 
H.V.L.—1.0 mm. Cu 
| | | | 
1.39 | 1-20 Bee 1.25 1.28 1.30 14.32 | 1.31 | 1.36 1.39 
2 1.04 1.10 1.14 3.16 | F.Ig 1.19 1.24 1.26 | 1.30 1.29 1.32 1.37 | 1.36 1.42 
4 -798 850 | 926 -956 -945 | 1.00 | 1.03 1.09 | 1.06 | 
6 .600 | .656 | .694 | 723 | .761 | .734 788 | .822 871 .851 | .gor | .959 | | 1.03 
8 440 | -490 .520 | 548 | .§84 | .555 | -604| .630| .676| .658 700 757 | 750 | .820 
10 .357 | -384 | -407 | -439 | -410 | .449| -474 | | .494| -533 | -584| -§73) -637 
12 230 | -259 280 | -299 -327 300 | 334 | -352 | -388 | .368 402 | .445 .436| .493 
14 -165 | .187 204 | .219 | .243 219 | .245| .260 | 292 273 jor | .338 | 327 375 
16 11g 135 | .148 .161 .180 .160 | .180 | .194 21g | .203 | .225 | .256 | .248 | .287 
18 .098 | 108 117 | 116 .133 | 142 | .163 150 167 | .185 .215 
20 .062 .O71 079 .086 | .100 .085 097 | | 121 .124 -144 .138 163 
H.V.L.—2.0 mm. Cu 
° 1.14 | 1.16 | 1.18 | 1.19 | | | 1.22 | 1.24 | 1.25 | 1.25 | 1.27 | 1.30 | 1.29 | 1.32 
2 1.02 | 1.07 | 1.10 | 1.20 | 1.23 | 1.22 | 1.25 | 1.29 | 1.29 | 1.33 
4 .800 | .846 .884 | .go8 | .937 .g18 .967 | 1.00 | 1.04 1.02 I .07 ly 12 | 1.10 | 1.17 
6 | | | .723 | .757| -735| -783 | -812 | .857 | .839| .882 | .936| .927| -995 
8 .461 | .§05 | .358 558 | .§94 | | .615 | .640| .684 | .663 | 706 | .760 | .748 815 
10 378 .404 426 .430 | -470 | -493 .600 651 
12 256 .284 | 303 a3 | 322 412 .394 | .467 | 460 
14 227 245 | .269 243 | -269 .285 | .318 | .300 | .363 | 402 
16 143 -160 | 172 185 184 .204 | .218 .245 | 228 | .250 2991 
18 107 | -141 .158 140 155 -167 -1g0 | .174 | «190 219 | .210 | .246 
20 -092 100 108 | 123 | 106 118 .128 | -172 -163 +195 
H.V.L.—3.0 mm. Cu 
| | | 
° 1.12 1.14 1.15 1.16 | 1.18 | 1.16 | 1.18 1.20 5.42 | 1.21 | 1.23 1.24 | 1.24 | 1.26 
2 1.00 | 1.05 | 1.07 | 1.09 | | 1.10 1.18 1.17 | 1.20 | 1.23 | 1.26 
798 | .844 | .868 | .888 | .917 |  .898 | .936 | .g70 | 1.00 .988 | 1.03 | 1.07 | 1.06 | 1.12 
6 | .668| .697]| .721 | -750 | .798 | .836| .820| .860| | .go2| -.959 
8 .476 | .543 -565 -595 | | 634 -674 | .655 7oo | .745| .736 | .796 
10 -363 394 | 417 | .438 -468 | .439 | -473| -497| -535] -513 | -549| -587 645 
12 ‘273. | .299| -319| -337| -364| -335| -365| -384| 417 | -398| .434| -474 | -461 | .512 
14 .206 228 | 244 -259 281 .298 -326 | .308 | -335|  -37! 360 -405 
16 158 174 .187 198 .218 .198 217 -230 255 | 238 259 | .281 320 
18 120 +143 153 .169 166 177 -200 .185 200 .228 220 256 
20 092 1o2 118 132 12 137 -156 +143 180 | 172 201 
H.V.L.—4.0 mm. Cu 
° 1.09 | 1.11 | 32 | 1.17 | 1.18 | 1.20 | 1.20 | 1.22 
| 1.02 | 1.04 | 1.05 | 1.07 | 1.06 | 1.09 | 1.10 | | | 8.8m | 3.87 | 9-87 
4 -821 | .870 .887 75 .gob 930 948 | .985 | 1.02 | 1.02 1.07 
6 .619 707 | .734 | 813 797 877 | .871 | .926 
8 .482 | .515 | .539| -562 | 590 563 | .598 | .624 | .663 | .644 | 
10 370 | .398| -419| -438 | -466| .439 | 471} -492 | | | | 584 | .575 | -630 
12 |  .308 321 .341 | -367 | 338 -368 | .385 | .416| .397| -425 | .467 | .§07 
14 218 | .238 250 | .264 | .286 262 | .287| .302| .328| .310| .334| .369| .362 405 
16 .169 184 | .196 207 | .226| .205 | .223 | .236 260 243 | -263 | 294 | .285 323 
18 130 142 12 160 176 | .160 | .174| .185 204 | .190 | .205 | 256 
20 Iol 110 118 125 | .138 | 161 149 | .162 .183 177 -204 
COBALT 60 RADIATION 
0.5 1.011 | 1.013 | 1.014 ly 016 | 1.019 | 1.016 | 1.019 | 1.020 | 1.023 | 1.021 | 1.023 | 1.026 | 1.026 | 1.029 
2 | -958 961 .g65 | .968 .966 .973 .978 .981 .986 992 | -992 | .998 
4 .878 884 .889 893 .893 | -903 | -g08 913 -920 926 | .927 
6 .780 -794 .802 808 | .815 | .822 | .829 839 | .836 .844 854 -853 .867 
8 .693 716 739 | -726 | .740 -748 | -754| -764 778 -775 -792 
10 .613 .628 .637 653 .646 .661 .670 .683 | .676 | .687 | .703 .699 
12 541 555 563. | .§70] .580| -573| -587| -597 611 .602 614 632 .628 | .648 
14 .476 | .489| -498| «505 | | | | 532 | -547| -537| +549] -$68 |) .563) -584 
16 .420 432 440 .448 -459 449 473 487 | .478 | .489 -§03 §25 
18 383 -397 +421 -434 | -436 454 -449 
20 | .348 364. -354} .366 .374 | .378 | -399 425 
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been tabulated in Table m for the different 
thicknesses corresponding to the angles from o 
to 360°. We rewrite these in Table v for the en- 
trance and exit positions and the average of R; 
for the rest of the rotation corresponding to 
the time the point P is completely outside the 
beam. The third column contains the distance 
X which is simply d cos 6. The fourth column 
contains the corresponding X correction factor, 
X, taken from Figure 6. 


In the sth column, R,;X is tabulated and 


in column 6 the averages of R,X for the 3 


angles while P is inside the beam on the 
exit side and then on entrance side are 
given. In column 7 the products of the 
average value of R,X and 6/360 are given. 

For the time when P is outside the beam 
we tabulate the average of R, taken from 
Table 11, for the appropriate angles. The Y 
correction factor 0.066 is obtained from 
Figure 7 for d/r=9/4=2.25 and t=12.4 
cm. To this is added 0.02 to allow for 
the 2 per cent transmission through the 
original diaphragms of the unit. In column 
7 the value of (Ri)av: Y X (02/360) is given. 
The total of column 7 yields .186. This 
means that the point P receives 18.6 per 
cent of the dosage rate in air at the tumor 
position. Thus the dosage rate at P is ob- 
tained directly from the known output of 
the cobalt unit. The average tumor-air ra- 
tio for T is given as 0.571 in Table 11, hence 
the percentage dose received at P relative 
to T is (0.186/0.571) X 100 = 32.5 per cent. 
This value found by calculation is in good 
agreement with the experimental value 
given by measurements in a wax phantom 
with small condenser chambers. 

The method described here is of practi- 
cal use in the assessment of the dose at a 
few points in a rotation therapy distribu- 
tion and can be expected to give results ac- 
curate to within 5 per cent. It can be ap- 
plied directly for any field size and will 
give the dose at any point other than the 
tumor center. The maximum surface dose 
is found in the position of minimum radius 
about 0.5 cm. below the skin and this could 
be chosen as one such point. Having al- 
ready obtained a set of tumor-air ratios in 
determining the dose at the tumor, little 
work is required to find the percentage dose 
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at one or two other points. However, if it 
were desired to know the complete distribu- 
tion then not much time would be saved 
by using this method in preference to the 
method of overlaying isodose curves. It 
must also be remembered that the method 
is not applicable to the roentgen-ray region 
because the necessary simplifying approxi- 
mations are not sufficiently valid. 


CONCLUSION 


The use of tumor-air ratios makes it as 
easy to determine accurately the tumor 
dose during rotation therapy as it is to 
determine the tumor dose during fixed field 
therapy. Once a complete distribution for 
an “‘average” patient has indicated the 
suitability of rotation, then it should not 
be normally necessary to determine the 
dose at points other than the tumor center. 
However, if the dose at some other point 
is required in a particular case, then the 
method outlined above may be used to find 
it. 


The authors take pleasure in acknowledging the 
financial assistance of the National Cancer Institute 
of Canada. One of the authors (M.T.M.) wishes to 
acknowledge the scholarship made available by the 
Saskatchewan Division of the Canadian Cancer 
Society. The authors are indebted to Dr. T. A. 
Watson, Director of Cancer Services, for many help- 
ful discussions. 
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RADIOACTIVE GOLD IN THE TREATMENT OF 
OVARIAN CARCINOMA* 


By H. B. ELKINS, M.D., and WILLIAM C. KEETTEL, M.D. 


IOWA CITY, IOWA 


HILE the five-year survival rates in 

carcinoma of the cervix and carcinoma 
of the corpus uteri are among the highest of 
any major malignancies, the salvage rate in 
carcinoma of the ovary is sadly lacking in 
comparison. This is especially true in those 
early cases of ovarian malignancy where 
there is no visible extension of the disease 
outside the ovary, no spill of malignant 
cells at time of surgery, and no detectable 
implants. Such a group of patients should 
carry the best possible prognosis, yet only 
52 per cent® of these patients will, be alive 
at the end of five years. Unlike the patients 
with more advanced disease, this prognosis 
is not affected by the addition of post- 
operative irradiation. For this reason 
Kerr and Elkins‘ questioned the advisabil- 
ity of subjecting patients to such therapy. 
It seemed probable that there were malig- 
nant cells floating free in the abdominal 
cavity even in these early cases. If so, their 
presence might be detected by cytologic 
studies done on adbominal washings. This 
paper deals with the results of such studies 
and the modification of the plan of treat- 
ment which has been adopted. 


CYTOLOGY 


Since January, 1952, all patients on the 
gynecologic service who have undergone 
abdominal surgery have had cytologic 
studies of peritoneal washings (Table 1). 
The peritoneal cavity is washed out with 
15 or 20 cc. of saline solution which is then 
centrifuged and the sediment stained with 
Papanicolaou’s stain. In all, 275 patients 
have been studied. Of these, 176 patients 
had negative cytology, and yet 4 of these 
patients had ovarian carcinoma. Unfortu- 
nately, bleeding from the incision made the 


smears from 78 patients inadequate for 
interpretation. Three of these also had 
ovarian carcinoma. Of the 275 individuals, 
35 had proved benign ovarian tumors and 
in this group there was one false positive 
smear (Table 11). Of the 20 patients with 
proved ovarian malignancy, 13 had posi- 
tive or suspicious cells present, while in 4 
noabnormal cells were seen. Of particular i in- 
terest to us were the Io patients in Groups 
1 and 114 where there was no break through 
of the ovarian capsule and no evidence of 
neoplasm outside the ovary. In 5 of these 
cases, positive cells were found in the 
peritoneal washings. It is an interesting 
coincidence that this percentage almost 
exactly parallels the number of cases of this 
group which will not surive 5 years. Thus, 
while the presence of free malignant cells in 
these early cases has been established, the 
accuracy of the method is not great enough 
to allow its use in determining those pa- 
tients who must have additional therapy. 
Improved techniques may make this pos- 
sible at a later date. 

Kerr and Elkins‘ suggested that it was 
questionable whether patients with early 
lesions should be treated with external 
roentgen therapy. In an attempt to im- 
prove the over-all salvage, particularly in 
these early cases, we have devised new 
treatment techniques which we feel might 
accomplish this. The change in our approach 
has been the addition of the use of radio- 
active gold in the treatment of carcinoma 
of the ovary. While there have been many 
papers published on the use of radioactive 
gold intra-abdominally, these have dealt 
chiefly with the control of ascites in pa- 
tients who were considered incurable by 
any method of therapy. The use of ra- 


* From the Departments of Obstetrics and Gynecology, and Radiology, College of Medicine, State University of Iowa, Iowa City, 
Towa. Presented at the Fifty-sixth Annual Meeting, American Roentgen Ray Society, Chicago, Illinois, September 20-23, 1955. 
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TaBLe I 


CYTOLOGIC FINDINGS: PERITONEAL WASHINGS 


Positive 13 
Suspicious 4 
Negative 176 
Mesothelial cells 105 
Macrophages 36 
Other benign cells 35 
Insufficient 82 
Only red blood cells 78 
Autolysis 4 
Total 275 


dioactive gold as a prophylactic measure, 
in patients with an early stage of the dis- 
ease, has been hinted at by one or two 
authors, but apparently has not been sys- 
tematically carried out on any sizable group 
of patients. 


CLASSIFICATION 


In order to plan and later evaluate ther- 
apy it is necessary to employ some method 
of classification of the extent of disease in 
these patients. Since 1930, all of our cases 
have been classified under a modification of 
the system used by Heyman. 


Group 1. Those cases in which removal of 
all the primary tumor and all visible 
metastases was possible. 

Group 11a. Those who had ascites with 
malignant cells or spill of malignant 
cells into the peritoneal cavity at the 
time of operation. 


TaBLe II 
CYTOLOGY: OVARIAN TUMORS 


(Peritoneal Washings) 


Benign Cysts 35 
Positive 
Suspicious 
Negative 21 
Insufficient 12 


Ovarian Carcinoma 20 
Positive I 
Suspicious 
Negative 
Insufficient 
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Group 14. Those who had partial to 
total removal of the primary lesion 
but in whom there were visible metas- 
tases remaining. 

Group ut. Those with recurrence of 
malignant tumor following either oper- 
ation or irradiation. 

Group Iv. Those with inoperable tumor, 
exploratory operation, or paracentesis 
only, or distant metastases. 


The five-year survival of 165 patients 
treated with surgery and roentgen therapy 
between the years 1930 and 1944 is shown 
in Table 111. These patients were treated by 
complete hysterectomy and bilateral sal- 
pingo-oophorectomy, when feasible, and 
removal of all visible carinoma that could 
be extirpated without endangering the pa- 


Taste III 


FIVE-YEAR SURVIVAL 


Group I §2.1 
Group Ila 42.8 

Ilé 37:2 
Group II 8.3 
Group IV 4-3 
Absolute 31.5 


tients’ survival. The Group Iv cases, by 
definition, were considered inoperable and 
in most instances only a biopsy was taken. 
Following the operative procedure, these 
patients had roentgen therapy to a mid- 
pelvic dose of approximately 4,000 r. Early 
in 1951, we changed our therapeutic ap- 
proach toward ovarian carcinoma consider- 
ably and since that time we have employed 
the following general outline of treatment. 


CARCINOMA OF THE OVARY 


Group 1. Patients in this group have had 
a total abdominal hysterectomy and bilat- 
eral salpingo-oophorectomy. Abdominal 
washings are performed, but to date the re- 
port of the cytologic examination has not 
influenced our therapy. Either at time of 
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surgery, or as soon thereafter as feasible, 
these patients are treated with the intra- 
abdominal instillation of radioactive gold. 
No external roentgen therapy is used. 

Group 1a. Patients in this group are con- 
sidered similar to those in Group 1, and are 
treated in a like manner. 

Group 116. The rare patient with im- 
plants not over 2 or 3 mm. in diameter is 
treated with surgery and radioactive gold 
only. When implants larger than 5 mm. in 
diameter are present, it is felt that radio- 
active gold alone, because of the short 
penetration of the beta rays, is insufficient 
to cause death of the tumor cells. These pa- 
tients are treated first by operative re- 
moval of all possible tumor; secondly, by a 
complete course of external irradiation di- 
rected towards the area of known residual 
neoplasm; and thirdly, because these pa- 


TABLE IV 


METHOD OF INJECTION OF RADIOACTIVE GOLD 


Abdominal paracentesis $7 
Polyethylene tubing 10 
Injection into tumor 4 
Injection at surgery 4 


Total 74 


tients also undoubtedly have free floating 
cells throughout the abdominal cavity, they 


are given an intra-abdominal injection of 


radioactive gold. Past experience makes 
this method seem rational to us, for we have 
seen on several occasions patients who have 
had external irradiation to the pelvis later 
return with a pelvis free of malignancy but 
with the upper abdomen studded with re- 
currences. 

Group 111. These patients are surgically 
explored unless their disease is far ad- 
vanced, and the type and extent of therapy 
is determined by the operative findings. 
Most of these patients have such extensive 
disease that only palliation is attempted. 

Group iv. Patients with surgically non- 
resectable tumors limited to the lower ab- 
domen are treated with external roentgen 
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TABLE V 


REACTION FROM RADIOACTIVE GOLD 


None 45 
Nausea and vomiting 17 
Pain 14 
Elevation of temperature II 
Leukopenia 4 
Weakness 3 
Chronic peritonitis 2 
Fecal fistula I 
Severe skin reaction I 


therapy. This may be followed by the use 
of radioactive gold if the patient’s general 
condition warrants it, or if the external 
therapy fails to control ascites. 

Extensive abdominal involvement with 
ascites is treated with radioactive gold 
only. This should not be used in patients 
whose life expectancy is only a matter of 
weeks, since they can be controlled ade- 
quately and more comfortably with ab- 
dominal paracentesis. Radioactive gold 
should be used with great caution in pa- 
tients with known or suspected liver in- 
volvement, since many tolerate such ther- 
apy very poorly with a rapid deterioration 
of their general condition. 


METHOD 


Economically, it is impractical to have 
radioactive gold available for every case of 
suspected carcinoma of the ovary at the 
time of operation. If radioactive gold is 
available at the time of surgery, it may be 
instilled either through a polyethylene tube 
or a catheter leading into the peritoneal 
cavity. This is the final step of the operative 
procedure so that exposure of personnel 


Taste VI 


EFFECT OF AU!98 ON ACCUMULATION 
OF ASCITIC ACID 


Inhibitory 12 


None 
Unknown (death within 6 weeks) 9 
Total 25 
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may be kept to a minimum. When it is ob- 
vious at the time of operation that radio- 
active gold is indicated, polyethylene tubes 
are left in place and utilized for injection of 
radioactive gold when it is available. The 
injection of diodrast through such retained 
polyethylene tubing, however, has shown 
that there is a tendency for rapid pocket for- 
mation and we have made ita policy not to 
use this method if the delay between the 
time of placing of the tubes and the injec- 
tion of radioactive gold is to be more than 
a few days. The major portion of our injec- 
tions have been done through a 13-gauge 
needle inserted through the intact abdom- 
inal wall. Cohen and Sklaroff establish a 
pneumoperitoneum which is checked by 
roentgenograms before radioactive gold is 
instilled. We have not felt that this is neces- 
sary. Instead, we have been guided by a 
free flow of fluid, if ascites is present, or by 
the flow of saline solution into the abdom- 
inal cavity if no ascites is apparent. The in- 
experienced observer may mistake the flow 
into loose subcutaneous tissue for that into 
the abdominal cavity with rather dis- 
asterous results. The desired amount of 
radioactive gold is measured and placed in 
a sterile bottle in the “hot” laboratory. It 
is then diluted with normal saline solution 
to a volume of approximately 4 ounces. 
When ascites is present, the ascitic fluid is 
withdrawn and the radioactive gold in- 
stilled. The puncture wound is sealed, 
either with collodion or sutures to prevent 
leakage of radioactive material. When the 
patient has no free fluid in the abdomen, 
800 to 1,000 cc. of saline solution are in- 
stilled first. The radioactive gold is then 
rapidly transferred to the abdominal cavity 
by means of a B-D Cornwall pipetting 
syringe. The method we use is simple, 
rapid and trouble-free. The actual instilla- 
tion of the radioactive gold takes no more 
than two minutes and the exposure to per- 
sonnel has always been less than 50 mr. for 
the entire procedure. After the radioactive 
gold is run in, the tubing is flushed with 
normal saline and the needle removed. The 
patient is advised to change position fre- 
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quently for the first few hours. We have not 
employed an oscillating bed as we feel that 
the normal intestinal movement is suffi- 
cient to cause a thorough distribution of the 
radioactive gold. It is also our feeling that 
a change of position after the first twelve 
or twenty-four hours is of little value since 
the majority of the radioactive gold is fixed 
within this length of time. Our dose has 
been somewhat higher than that employed 
by most workers and we have given as much 
as 262 millicuries in a single injection with- 
out observing ill effects. The usual dose 
ranges from 150 mc in a small patient to 200 
mc in the average sized patient. No at- 
tempt is made to calculate exact dosage. 
According to Chamberlin e¢ a/.,1 100 me of 
radioactive gold in an average sized ab- 
dominal cavity gives approximately 3,000 
rep to the entire peritoneal surface. Thus, 
we have generally used an amount of radio- 
active gold which will give a surface dose of 
between 4,500 and 6,000 rep. 


COMPLICATIONS 


Since February, 1951, we have treated a 
total of 66 patients with radioactive gold. 
Some of these have had a second injection 
so that these 66 patients have had a total of 
74 injections of gold (Table rv). Of these 66 
patients, 45 were considered to have no re- 
action (Table v). Moderate pain and dis- 
comfort for the first hour or so following the 
injection of radioactive gold was not con- 
sidered as significant, since it was rarely ab- 
sent. The most frequent complication noted 
was nausea with or without vomiting. This 
may occur early, only a few hours after the 
injection of the radioactive gold. However, 
a number of patients will complain of nau- 
sea on the third or fourth day following 
injection, and in a few patients this has 
been quite severe, with excessive vomiting. 
This symptomatology tends to develop in 
patients with advanced carcinoma and par- 
ticularly in those with liver involvement. 
Pain was noted by 14 patients and varied 
from such mild discomfort that it could be 
controlled with aspirin to a rather severe 
reaction necessitating the use of morphine. 
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Kic. 1. Photomicrograph of peritoneum covering jejunum of patient one year after Au'®* therapy, 
showing scarring, new blood vessels and edema. 


Elevation of temperature has been mild, no 
more than 1 to 3 degrees, and has been 
rather transient and confined to the first 
three days following injection. Leukopenia 
has not been a serious problem. There was 
a detectable drop in the white blood cells 
which took place in approximately 72 
hours. This has only been of significance in 
4 cases where the count dropped below 
2,500 and remained there for a period of 
several days. Weakness, a complaint of 3 
patients, is a complication which is difficult 
to evaluate. Fecal fistula occurred in one 
instance and it is presumed that in this case 
the intestine was perforated at the time of 
injection. The patient had no other com- 
plaints and the fistula closed spontane- 
ously. In one instance, the entire amount of 
gold was injected into the abdominal wall 
and this patient developed a severe skin 
and subcutaneous reaction which neces- 
sitated two excisions of the involved area. 
In 9 instances, we have had occasion to re- 
open the abdomen from a few months to 14 
months following the injection of radioac- 
tive gold. One such case is of particular in- 
terest, as it demonstrates a type of path- 


ology which apparently has not been re- 
ported previously. Ten months following 
the injection of radioactive gold, this pa- 
tient developed abdominal discomfort with 
signs and symptoms of low-grade intestinal 
obstruction. She entered the hospital with 
a doughy abdomen and an indefinite lower 
abdominal mass. At the time of surgery, 
the peritoneum was thickened and whitish, 
like that seen in chronic peritonitis. The 
abdominal viscera had a thick, edematous 
wall which was whitish and avascular in ap- 
pearance and quite friable. Many loops of 
intestine were adherent to each other, but 
no definite obstruction could be found. This 
condition was generalized throughout the 
abdomen and no distinction could be made 
between the pelvic viscera, which had re- 
ceived external radiation as well as radio- 
active gold, and the viscera occupying the 
upper abdomen, where radioactive gold 
alone had been the inciting agent. Some, 
but not all, of the adhesions were freed and 
the operation ended. No tumor was found 
though numerous biopsies were taken 
(Fig. 1 and 2). The patient made an un- 
eventful postoperative recovery and has 
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had no return of her symptoms to date. A 
second patient was reopened one year after 
the injection of radioactive gold and mini- 
mal changes similar to those described 
above were found. The other 7 cases which 
have been re-explored have shown no 
changes which could be attributed to the 
radioactive gold and while gold discolora- 
tion of the peritoneum and bowel surface 
was universally present, no reaction or 
adhesions were observed. It is apparent, 
therefore, that radioactive gold is not an 
entirely innocuous agent, at least, not in 
the doses which we have employed, and 
that there are intestinal changes which oc- 
cur months or years after the injection of 


gold. 


RESULTS 


Of the 66 patients who have been treated 
with radioactive gold, 25 were far ad- 
vanced and the gold was used only as a 
means of preventing the accumulation of 
ascitic fluid (Table vi). In 12 of these 
cases, there was a definite inhibitory effect, 
most of them never requiring further tap- 
ping. In 9 cases, death occurred within six 
weeks, so that results could not be evalu- 
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TasB_e VII 


SURVIVAL* AFTER SURGERY AND AU!®%, WITH OR 
WITHOUT ROENTGEN THERAPY 


1Yr. 1-2Yrs. 2 Yrs. 


Stage I Living — 3 I 
Dead 
Stage 2A Living I I 4 
Dead 2 
Stage 2B Living I 3 I 
Dead 2 I I 
Stage 3 Living I 
Dead 2 I _ 
Stage 4 Living 3 7 3 
Dead 24 3 I 


* November, 1g50—March, 1955. 


ated. In only 4 was there a failure to pro- 
vide an inhibitory effect. A satisfactory 
result, therefore, was obtained in 50 per 
cent of the cases treated or in 70 per cent of 
those patients who survived long enough to 
be evaluated. A second group of 13 cases 
fell within Group 14 and Group 111, where 
gold was used in an attempt to increase the 


Fic. 2. Higher power photomicrograph of peritoneum showing vascularity, edema and giant fibroblasts. 


is 
ve 
: 
fi 
I 
t 
a 
1 
t 
: \ 
| 


956 


Vo. 75, No. 6 


five-year survival rate in the presence of 
known residual malignancy. These patients 
were also treated with external radiation. 
It is too soon to draw any conclusions from 
this group of cases (Table vit). There is a 
third group, however, consisting of 12 cases 
which were considered as early carcinoma, 
either Group 1 or Group ua. Of these 12 
patients, 7 were treated more than two 
years ago. Five are alive and two are dead. 
Four have been treated less than two years 
ago, and all of these are living. One patient 
has been treated less than one year ago and 
is still alive. There have been two deaths in 
this series. Both of the patients who died 
were referred to us, having been operated 
upon elsewhere, and were grouped by us on 
the basis of verbal report of the operative 
findings. We know from our own experience 
that unless a careful survey of the entire ab- 
domen is made, it is quite possible, and 
even likely, that metastases in the upper 
abdomen will be missed. 


CONCLUSION 


1. Surgery and external roentgen ther- 
apy are not adequate for the treatment of 
carcinoma of the ovary, particularly of the 
early cases. 

2. Cytologic studies of peritoneal wash- 
ings show neoplastic cells even in Group 1 
cases. 
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3. The method of cytologic study now 
employed is not sufficiently accurate to be 
used as a criterion for selecting patients for 
therapy. 

4. Radioactive gold therapy seems an 
ideal method for eliminating free malignant 
cells. 

5. Complications may be either early or 
late. The late changes are more extensive 
and severe than was thought. 

6. Radioactive gold therapy will control 
accumulation of ascites in advanced cases 
in $0 to 70 per cent of instances. 


Dr. H. B. Elkins 

State University of lowa 
Department of Radiology 
Iowa City, Iowa 
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RADIOACTIVE COLLOIDAL GOLD IN THE CONTROL 
OF MALIGNANT EFFUSIONS 
REPORT AND ANALYSIS OF 60 PATIENTS* 
By JOHN M. DENNIS, M.D., JOSEPH B. WORKMAN, M.D., and ROBERT E. BAUER, M.D. 


BALTIMORE, MARYLAND 


HYSICIANS are confronted with the 

problem of palliation in all patients with 
advanced malignancy. One of the most 
distressing complications of advanced can- 
cer is the intractable accumulation of fluid 
in one of the serous cavities. Clark® re- 
ported significant effusions (over 1,000 cc.) 
in 29 per cent of 266 consecutive autopsies 
on men with malignant disease. 

The intracavitary use of radioactive iso- 
topes for the control of malignant effusions 
was first employed in 1945 by J. H. Mil- 
ler," who used Zn® prepared in a cyclotron. 
In 1950 the same author reported encour- 
aging results in the inhibition of fluid for- 
mation in 8 patients by the intraperitoneal 
injection of radioactive colloidal gold. This 
report stimulated more clinical trials and 
since 1950 numerous reports have further 
attested to the efficacy of this isotope in 
controlling the formation of fluid due to 
malignant diseases of the serous cavities. 
This palliative use of radiogold during the 
past four years has caused it to rise from a 
rather obscure position to rank second 
among the short lived radioactive isotopes, 
in terms of millicuries produced each 
week.!° 


PHYSICS 


Radioactive colloidal gold has a half-life 
of 2.7 days, which is sufficiently long to be 
clinically useful yet short enough to avoid 
long dangerous exposure of the patient to 
irradiation. Although radiogold has both a 
beta (0.97 mev.) and gamma (0.411 mev.) 
emission, 90 to 95 per cent of the radiation 
constitutes beta emission, which accounts 
for most of the radiation effect produced in 
the tissues. This effect is a surface phenom- 


enon as the maximum range of these beta 
particles in tissue is 3.8 mm. and the aver- 
age path 0.4 mm. 


MECHANISM OF ACTION 


The mechanism of radioactive colloidal 
gold in controlling fluid formation from 
carcinomatosis of the serous cavities is not 
clearly understood. It may be partially due 
to a lethal effect on the free cancer cells in 
the effusion. Andrews and associates? have 
observed the disappearance of free tumor 
cells from the fluid following radioactive 
gold therapy in humans and Goldie and 
Hahn* have demonstrated the lethal effect 
of intraperitoneal radiogold on free sar- 
coma cells in the peritoneal fluid of mice. 
Also playing a role may be the radiation ef- 
fect on numerous small seedlings on the 
serosal surface and on the mesothelial lin- 
ing and small serosal blood vessels resulting 
in fibrosis. Fibrous thickening of the pleura 
or peritoneum with a layer of fibrin on the 
surface has been described by Kniseley and 
Andrews!® as the characteristic histologic 
finding following radioactive gold therapy. 


SELECTION OF PATIENTS 


In treating these malignant pleural or 
peritoneal effusions, the patients should be 
selected carefully for optimal results. 
Ideally, the patients should be (1) those in 
whom the fluid formation has become a 
troublesome problem, (2) those in whom 
the metastases are small serosal seedlings 
rather than large tumor masses, and 
(3) those without severe constitutional 
effects, i.e., cachexia, anemia, leukopenia, 
etc. 


* From the Section of Radioisotopes, Departments of Radiology and Medicine, University Hospital, University of Maryland, School 


of Medicine, Baltimore, Maryland. 


This work was supported in part by the American Cancer Society (Maryland Division). 
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As it is solely a palliative measure and 
not one to increase life expectancy, only 
those patients with troublesome fluid for- 
mation which is depleting the already low 
protein stores should be selected for this 
type therapy. Since the radiation effect is 
primarily a surface phenomenon, patients 
with large tumor masses are usually not 
effectively treated with radiogold as the 
large tumors are insufficiently irradiated. In 
those patients with severe constitutional 
effects, the radioactive gold will often pro- 
duce a rapid cessation of the fluid forma- 
tion but sometimes speed the downhill 
course. 


DOSAGE 


The usual dose of radiogold in treating 
intractable malignant effusions is 50 to 75 
millicuries intrapleurally and 100 to 150 
millicuries intraperitoneally. Chamberlain” 
has calculated that 100 millicuries of radio- 
active gold distributed uniformly on the 
peritoneal surface of an average patient de- 
livers a beta dose of approximately 3,000 
equivalent roentgens to the serosal surface 
in ten to fourteen days. Occasionally, the 
effusion recurs very rapidly following the 
instillation of the gold and a thoracentesis 
or paracentesis is required before cessation 
of fluid formation is complete. If the effu- 
sion is not controlled, this form of therapy 
may be repeated in four to six weeks. 


INSTILLATION 


The instillation of radioactive gold into 
pleural or peritoneal cavity is quite sim- 
ple. Most institutions have their own spe- 
cial apparatus for flushing the gold solution 
into the serous cavity following a thora- 
centesis or paracentesis. After instillation 
of the radiogold, the patient’s position is 
changed frequently in an effort to obtain a 
good distribution of the colloidal particles 
over the serosal surfaces. However, the 
“settling out” of this colloid is not the only 
mechanism of its distribution. Goldie and 
Hahn* have shown experimentally that the 
macrophages present in ascitic fluid rapidly 
phagocytize the colloidal particles and de- 
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posit them on the walls of the cavity. Mil- 
ler" noted greater deposition over tumor 
bearing surfaces, but Andrews, et a/.? were 
unable to verify this, as they found no 
affinity for the local tumor implants. Ulti- 
mately, all but a small percentage of the 
colloidal gold is deposited on the serosa, but 
a small amount eventually finds its way 
into the blood stream from which it is 
largely removed by the liver, spleen, and 
bone marrow. 


RESULTS 


During the past three years the Division 
of Radioactive Isotopes of the University 
Hospital has used radioactive colloidal 
gold in the treatment of 60 patients with 
intractable malignant pleural or peritoneal 
effusions. All 60 of these patients had 
proved cancer with the primary site identi- 
fied in all but 4 cases. In most instances, 
cancer cells were also found in the serous 
effusions. As will be borne out in a careful 
analysis of our statistics, the patients were 
not carefully selected according to the 
rigid criteria previously presented. The 
doses of radiogold used in the treatment of 
these patients, 50 to 75 millicuries intra- 
pleurally and 100 to 150 millicuries intra- 
peritoneally, are those used in most other 
clinics. 


TaBLe | 


Total number of patients treated 60 
Total number of patients evaluated 58 
Total number of patients lost to fol- 

low-up 2 
Total number of patients improved 36 (62%) 
Total number of patients unimproved 22 (38%) 
Total number of patients who lived 

less than 30 days 14 
Average duration of improvement 5.2 months 


Of the 60 patients treated we were able 
to follow and carefully evaluate 58 of them. 
The other 2 patients were lost to follow-up. 
The distribution and end-results in these 58 
cases, according to the primary site of the 
tumor, are presented in Table 11. 

Of the 58 patients evaluated, 36 or 62 
per cent showed complete cessation of fluid 
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formation for a significant period of time 
ranging from two to fifteen months, with an 
average duration of improvement of 5.0 
months (Table 11). Most of these patients 
benefited by the radioactive gold remained 
free, until their death, from troublesome 


reaccumulation of effusion with only 5 of 


the 58 patients receiving more than one 
instillation of gold. In most instances, 
when a good result was going to be ob- 
tained, the fluid formation ceased rapidly 
following the instillation of this material. 
However, as has been observed by others, 
occasionally the fluid reaccumulated quite 
rapidly immediately following the therapy, 
and one or two thoracenteses or paracen- 
teses were required before complete cessa- 
tion of fluid formation. 

Twenty-two of the patients (38 per cent) 
were unimproved following the radioactive 
gold therapy. However, 14 of these 22 pa- 


TaBLe II 


Number Per Cent Average 


Primary Site of I I of Im- 
Cases = = prove- 
proved proved 
mo. 
Ovary 17 7 41 6.0 
Lung 19 15 80 5.0 
Lymphoma 5 I 20 2.0 
Breast 8 6 75 5.0 
Undetermined 4 4 100 3.0 
Urogenital I I 100 
Melanoma I ° ° ° 
Mesothelioma I 100 5.0 
(peritoneum) 
Uterus 1 I 100 6.0 
Tonsil I ° ° 
Total 58 36 62 5.0 


tients were in such poor condition at the 
time of treatment that they died within 
thirty days from the date of therapy. These 
14 patients actually did not live long 
enough for proper evaluation of this thera- 
peutic modality. Some of these patients 
may have been relieved of their rapid fluid 
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formation if adequate time had been avail- 
able for complete effects of the radiogold. 
A typical example was one patient with a 
carcinoma of the ovary and massive recur- 
rent ascites requiring paracentesis every 
four or five days. Immediately following 
the radiogold instillation, the ascites ceased 
to form but the patient died within three 
weeks. Since the rate of her downhill course 
seemed to be increased by therapy, the pa- 
tient was included in the failure group. If 
these 14 patients were excluded from our 
failures, on the basis that they did not sur- 
vive long enough for proper evaluation, 
then the percentage of those receiving 
benefit from this type of therapy would be 
increased from 62 to 82 per cent. However, 
we realize that in presenting statistics 
these cases cannot be excluded. 

The results obtained in the Radioactive 
Isotope Division of the University Hos- 
pital in the palliation of these 60 patients 
are comparable with those obtained in 
other institutions. Kent, e¢ a/.7:5 reported a 
60 per cent improvement in $1 patients 
who were treated with carcinomatous as- 
cites. Walter!’ found the malignant ascites 
controlled in 7 of 15 patients, while 
Storaasli and associates report a good re- 
sponse in 7 of 13 cases. Simon, ef al. 
treated 14 patients with malignant pleural 
effusions from primary sites in the heart, 
lungs, uterus, and lymphomas with favor- 
able results in 7 cases. Colby* administered 
radiogold intrapleurally in 41 patients and 
found that approximately 4o per cent of the 
treated cases received a definite benefit. No 
apparent correlation was found between 
the type of primary tumor and benefit 
achieved, other than differences which 
could be attributed to variation in the 
natural course of the malignant process. 

A careful analysis of our 17 cases of ma- 
lignant ascites secondary to a primary ma- 
lignancy of the ovary reveals a definite pal- 
liative benefit in 7 patients (41 per cent) 
with an average duration of improvement 
of 4.5 months. In 6 of these 7 patients, ef- 
fusion either did not return prior to death 
or was not a troublesome problem. Five of 


\ 


Vo.. 75, No. 6 


these 7 patients had large palpable abdom- 
inal masses when first evaluated for the 
radioactive gold therapy. The other 2 pa- 
tients did not have palpable masses when 
first seen and it was in these 2 patients that 
the best palliation was obtained—eight and 
fifteen months without troublesome recur- 
rence of malignant effusion. Roentgen ther- 
apy to a large mass was used in 2 patients, 
in conjunction with the radiogold, with a 
marked reduction in the size of the masses 
and a cessation of fluid formation. 

Of the 10 patients who showed no im- 
provement, all had large palpable masses 
when treated and 7 died within thirty days 
after treatment, emphasizing the lack of 
selectivity of our cases. Four of these pa- 
tients were cachectic when treated and died 
within twenty-eight days and it is our opin- 
ion that a more rapid downhill course dated 
from the instillation of the radiogold. Four 
patients developed intestinal obstruction 
immediately following the gold therapy, 
and, while intestinal obstruction is often a 
part of the natural history of this disease, 
we believe that this complication is aug- 
mented by the intense radiation reaction 
produced in the mesentery and the intes- 
tine. 

Nineteen patients, with troublesome 
pleural effusion secondary to proved bron- 
chogenic carcinoma, were treated with ra- 
diogold. Excellent results were obtained in 
15 cases (80 per cent), with an average du- 
ration of improvement of five months. In 
none of these patients were there visible 
pleural masses though complete diagnostic 
studies, such as diagnostic pneumothorax 
with decubitus views, were not performed. 
Eleven of the 15 patients, who were bene- 
fited by this therapy, died from their pri- 
mary disease without effusion ever becoming 
a troublesome problem again. Two of the 4 
patients, without improvement, died within 
forty days after the radiogold therapy and, 
on the basis of our present criteria, would 
not be treated now. 

Of the 8 patients who had pleural metas- 
tases and troublesome effusion secondary 
to carcinoma of the breast and who were 
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treated with radiogold, 6 (75 per cent) re- 
ceived excellent palliative results. The re- 
lief of fluid formation lasted up to eleven 
months with an average duration of five 
months. Three of the 6 patients, benefited 
by this therapy, died without the effusion 
again becoming a troublesome factor. The 
2 patients without improvement died in ap- 
proximately one month. 

While our experience in the treatment of 
effusions secondary to lymphoma with ra- 
diogold is limited, our results are poor. This 
is contrary to what we ought to expect. 
Only 1 of the 5 patients (20 per cent) 
treated received any palliation and that 
for a period of only two months. 

Other cases, grouped according to the 
primary tumor sites, were too few to allow 
a reliable analysis. 


CONCLUSIONS 


From an analysis of these 58 cases of ma- 
lignant pleural and peritoneal effusions 
treated with radioactive colloidal gold we 
were able to draw several very definite 
conclusions: 

1. Intracavitary radiogold is of definite 
benefit in the relief of troublesome malig- 
nant effusion. Without careful selection, 62 
per cent of the patients treated were ren- 
dered free of troublesome fluid accumula- 
tion for an average duration of five months. 

2. The best results in the management of 
troublesome pleural or peritoneal effusions 
were obtained in those patients without vis- 
ible or palpable metastases. 

3. Patients with palpable masses or in 
the terminal stages of illness may develop 
intestinal obstructive symptoms following 
intracavitary radiogold therapy. 

4. Patients with severe constitutional 
effects, such as marked weight loss, severe 
anemia, etc., may run a rapid downhill 
course following intracavitary radiogold 
therapy. 

5. A satisfactory result may occasionally 
be obtained in the patient with a large pal- 
pable mass and malignant effusion by a 
combination of intracavitary radiogold and 
external irradiation to the large mass, par- 
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ticularly if the primary tumor is ovarian in 
origin. 

6. The palliative effect of radioactive 
gold in malignant effusions can be_ in- 
creased with a more careful selection of pa- 
tients. 


John M. Dennis, M.D. 
Department of Radiology 
University Hospital 
Baltimore 1, Maryland 


We gratefully acknowledge the technical as- 
sistance of Miss Kathryn Redding and Mrs. 
Dorothy DeSantis. 
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GOLD ADMINISTRATION APPARATUS AND 
TECHNIQUE FOR PACKAGED DOSES 


By FRANK G. KARIORIS, M.S., and IRVING 1. COWAN, M.D. 


Marquette University School of Medicine, Department of Isotopes 
MILWAUKEE, WISCONSIN 


apparatus for the intracav- 
itary administration. of radioactive 
gold can be infinitely varied and several dif- 
ferent types have been described in the liter- 
ature,?+~? the apparatus shown schemati- 
cally in Figure 1 has several interesting 
features for the small radioisotope clinic: 


1. The original sterile, sealed bacterin 
vial can be used. If several doses are 
to be prepared from a single shipment, 
individual doses can be simply repack- 
aged in containers similar to the orig- 
inal by remote pipetting. ~ 

. It minimizes exposure. The hands of 
the operator are at no time close to the 
unshielded total radioactive solution. 
The time required for administration 
is about five minutes. 

3. The entire apparatus can be checked 
for leaks and patency prior to the re- 
lease of gold from the vial without 
changing connections. 

4. The flow to the patient can conven- 
iently be changed from saline to gold 
and vice-versa at any time, to achieve 
any desired dilution. 

5. Tubing can be flushed with saline flow 
to the patient after delivery of the 
gold and before disassembly of the ap- 
paratus, thus reducing contamination 
of the apparatus. 

6. The remote syringe may be used for 
either positive or negative air pressure 
or either positive or negative saline 
pressure to assist in starting the infu- 
sion if necessary. 

7. For intrapleural administration, all 
air can be removed from the appara- 
tus before connecting it to the pleural 
cavity to preclude any possibility of 
pneumothorax. 


to 


The apparatus consists primarily of poly- 


ethylene tubing, plastic and steel adaptors, 
a glass Y connector, two three-way stop- 
cocks, two no. 15 hypodermic needles, and 
stainless steel clamps, all of which can be 
wrapped and sterilized. The gold vial is 
kept in a lead shield. An intravenous stand- 
ard to support the saline bottle, a draped 
instrument cart on which to set up the ap- 
paratus, and a laboratory type tripod which 
can be draped are needed to complete the 
set-up. 

In most instances the correct amount of 
gold to be administered, corrected for decay 
in transit, can be ordered from Abbott Lab- 


TO PATIENT 


THE THREE-WAY STOP COCKS 
ARE SET TO DELIVER SALINE 


a ONLY TO THE PATIENT 


Fic. 1. Schematic diagram of intracavitary gold ad- 
ministration apparatus. The three-way stopcocks 
are set to by-pass the gold and deliver saline only 
to the patient. 
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Fic. 2. Intracavitary gold administration 
apparatus assembled. 


oratories. Gold is shipped in a sterile, sealed 
bacterin vial in a suitable lead shield. In the 
event that more than one administration is 
to be made from a single shipment, the ap- 
propriate amount may be repackaged in a 
vial similar to the original shipping con- 
tainer by remote pipetting under sterile 
conditions. All doses are calibrated by 
gamma radiation measurements before ad- 
ministration to the patient.’ Intraperito- 
neal doses average I 50 millicuries and 200cc. 
isotonic saline solution; intrapleural doses 
average 60 millicuries and 100 cc. saline 
solution. 

Gold administration to the peritoneal 
cavity can be made by either of two tech- 
niques. In the preferred technique a no. 14 
French catheter is inserted deep into the 
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pelvis under direct visualization either fol- 
lowing surgery or by means of a small lap- 
arotomy. The layers, including the skin, 
are then closed in order, the gold apparatus 
is connected to the catheter, and the gold 
and saline are administered. This mini- 
mizes the time spent by the surgeon in the 
radiation field. In the second technique a 
no. 10 French catheter may be threaded 
through a trocar into the peritoneal cavity 
following paracentesis. 

Intrapleural administrations are done 
only after a successful thoracentesis which 
insures that the pleural cavity is properly 
located. A Kelly forceps is usually clamped 
on the aspirating needle at the skin to mark 
the position. After the thoracentesis is 
completed, the needle is left in place in the 
cavity, the 50 cc. aspirating syringe is re- 
moved and the gold delivery apparatus is 
connected. When the administration is 
completed, the needle is withdrawn and a 
small dressing is applied. 

The procedure of administration of gold 
is as follows: 


1. The packaged dose in its lead shield, 
and the delivery apparatus are 
brought to the point of administra- 
tion. Gold infusions are performed in 
the operating room, treatment room 


Fic. 3. Preparation of packaged dose by remote 
pipetting under sterile conditions. 
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or patient’s room at the discretion of 
the Isotope Committee. Personnel 
wear pocket dosimeters and film 
badges. 

While the surgeon performs the lap- 
arotomy, paracentesis, or thoracente- 
sis, the stand is erected and draped. 
The entire apparatus is assembled un- 
der sterile conditions. All junctions 
are checked for defects following auto- 
claving. The valves on the three-way 
stopcocks are set so as to deliver saline 
only to the patient. 

The lead shield containing the gold 
vial is placed in position on the stand, 
the rubber seal is swabbed with alco- 
hol, and the needles inserted without 
removing the vial from the shield. 
Saline flow is begun to remove air 
from the tubing. The tubing is then 
connected to the patient and saline 
flow is continued to check all junc- 
tions for leaks and patency. If the 
system is not patent as indicated by 
lack of saline flow, moderate air or 
saline pressure applied by means of 
the remote syringe can start the flow 
in a freshly implanted catheter. 


. When adequate saline flow has been 


established, the lower valve is turned 
so as to give gold flow by flushing sa- 
line solution through the vial. The vial 
may be shaken so as to remove gold 
under the rubber seal. 

After the entire amount of gold has 
been given as indicated by the clear- 
ing of the color from the tubing and 
vial, the lower valve is turned so as to 
give saline flow to the patient through 
the apparatus. Approximately 20 cc. 
of saline solution is run through the 
tubing to remove most of the contam- 
ination from this tubing. 

The saline flow is stopped and the 
catheter withdrawn from the cavity. 
The site of administration is then 
checked for any evidence of leakage 
before a dressing is applied. 


Gold Administration Apparatus 
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9. Measurements of the gamma radia- 
tion at various distances on both sides 
of the patient are taken. The room is 
checked for contamination after re- 
moval of the patient, and contami- 
nated materials are removed to the 
Isotope Laboratory. Pocket dosime- 
ters are read at the laboratory. 


In most instances, administration to the 
patient is completed within five minutes. 
Whole body gamma radiation doses to per- 
sonnel administering the gold with this 
procedure are approximately 2-20 milli- 
roentgens per administration. Radiation 
from the patient is approximately 20 mr 
/hr. at three feet and 10 mr/hr. at five feet 
for intraperitoneal doses. 


Irving I. Cowan, M.D. 
561 North Street 
Milwaukee 3, Wisconsin 
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RECORDING OF RADIOACTIVITY IN THE BLOOD, 
LIVER, AND PROSTATE FOLLOWING INTERSTITIAL 
ADMINISTRATION OF AU'* IN CARCINOMA 
OF THE PROSTATE 


By WAYNE M. ROUNDS, M.D.,* and TITUS C. EVANS, Pu.D. 


From the Radiation Research Laboratory, University of Iowa 
IOWA CITY, IOWA 


“THE increasing use of radioactive col- 

loids emphasizes the need for more 
study of the possible systemic effects. Re- 
ports of damage to the liver and bone mar- 
row are serious considerations of the radio- 
colloid therapist.*:* 

Clinicians injecting Au! interstitially in 
prostatic carcinoma are impressed by oc- 
casional high radioactivity levels in the re- 
gion of the liver and spleen. Contrast me- 
dium added to the Au'** sometimes fails to 
be visualized on roentgenograms taken a 
few minutes after the injection. Several 
questions are presented by these observa- 
tions: How much of the Au'®* remains at 
the injection site and how much appears in 
distant organs? How fast does the radiocol- 
loid appear in the circulating blood after 
prostatic injection? Is the blood stream en- 
tered directly through the needle wound or 
indirectly via the lymphatics or phago- 
cytes? What factors determine the propor- 
tion of the material which enters the circu- 
lation? What changes in technique reduce 
the amount of colloid reaching the reticulo- 
endothelial system? 

Clinical cases receiving Au! in the pros- 
tate offer an unusual opportunity for study 
of the distribution of the colloid. The site of 
injection is well localized, permitting spread 
of the radioactivity to be followed by 
shielded counters. Injections are brief and 
their timing accurately determined. Au'®® 
entering the circulation is often in amounts 
not difficult to trace by external monitoring 
in contrast to the low blood levels obtained 
following intracavitary use. These high 


levels of circulating Au'®® are transitory, 
however, and a continuous recording of 
blood radioactivity is essential during the 
period immediately following the prostatic 
injection. 

One method employed here to determine 
blood levels of radioactivity is a modifica- 
tion of the interval blood sampling tech- 
nique and is described in detail elsewhere.!® 
Blood samples consist of uniform blood 
drops obtained by venipuncture during 
surgery. The time interval is usually 2 to 3 
seconds between drops. Radioactivity of 
these small samples is determined in an 
automatic counting device and the amount 
of Au! in the circulating blood volume 
calculated. Results compare favorably with 
those obtained from blood samples of sev- 
eral milliliters volume drawn from the same 
vein and monitored in a liquid counter. 

During the injection, simultaneous counts 
are made of liver radioactivity using a 
heavily shielded, collimated counting de- 
vice.!® The monitor is placed beside the 
ileum and directed medially to estimate ra- 
dioactivity in the prostatic region. Counts 
beside the liver are recorded by a printing 
timer for 15 second intervals during the 
early minutes of the procedure. Later, when 
the patient is in the recovery room, full 
minute counts are taken with comparative 
readings for the prostatic region, mediasti- 
num and elsewhere. Another method occa- 
sionally employed to monitor circulating 
Au'®’ is to place a shielded Geiger-Miiller 
tube beside an extremity during the opera- 
tive procedure. 


* Present address: Department of Radiology, University Hospitals, Madison, Wisconsin. The authors wish to acknowledge the 
generous cooperation and council of Dr. H. B. Elkins and others of the Department of Radiology and of Dr. Reuben Flocks and his 
associates of the Department of Urology, State University of Iowa, Iowa City, Iowa. 
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Figure 1 is a blood-radioactivity graph 
with simultaneous counts over the liver. 
The brief plateau at the 1,000 counts per 50 
sec. level corresponds to the interval be- 
tween the first and second series of injec- 
tions. Figure 2 is a graph of hand radioac- 
tivity and again shows a step-like rise con- 
forming to the interval between injections. 
The rapid rise in the incident portion of the 
curves leaves little doubt that there is free 
flow of the Au'®® into the blood stream at 
the injection site. Investigators find disap- 
pearance half-times of 13 to 2} min. for 
Au'®® injected intravenously in experimen- 
tal animals.®:?’ Half times in these studies 
are as long as 8 min. due to prolonged in- 
jection times and to seepage of additional 
Au'*s into the blood through the needle 
rent. The graph indicates that the Au'®* 
reaches the liver in a manner similar to that 
following direct intravenous administra- 
tion. Uptake in the liver is apparent within 
one minute after a significant amount of 
radiogold is present in the blood. Figure 3 
also shows that the main change in liver 
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radioactivity occurs during the operative 
procedure. 

Figure 4 indicates a fairly constant 
amount of gold in the liver region following 
the initial rise and up to the thirtieth hour 
after the injection. The level in the pro- 
static area falls during the first few hours, 
then remains stable. Liver radioactivity 
shows no increase to compare with this fall 
in the prostate and suggests that the change 
in radioactivity in the immediate prostatic 
region is due to loss in the urine, tissue 
planes, and lymphatics outside the colli- 
mated area, but not into the blood stream. 

Figure 5 records the radioactivity over 
the liver and prostate for a number of days 
and reveals that the activity curves over 
these organs closely parallel the decay 
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curve of Au’’’, The similarity of the three 
curves suggests very little change in the 
distribution of the gold during the post- 
operative period of maximum radioactiv- 
ity. 

Blood samples taken at intervals follow- 
ing prostatic injection and centrifuged re- 
veal the changing zone activity recorded in 
Figure 6.2 Separation of the zones by pi- 
pette results in some mixing of the layers. 
The graph reveals the radioactivity is 
largely confined to the serum shortly after 
the injection. Several hours later much of 
the radioactivity is in the white blood cell 
zone, suggesting phagocytosis of the col- 
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TABLE I 
A B Cc D E F G H I J 
Estimated Relative 
Type of Needle Hyal- Highest Per Liver CPM. Liver E 
Operation Sites uron- me. Blood Cent Dose Liver Prostate 
idase Level Based Ratio D-E 
in mc on E 
1. Perineal 2 No 7 0.2 :2 8 18 03 .003 
2. Perineal 3 Yes 70 0.2 3 8 14 .10 .003 
3. Perineal 2 Yes 30 0.3 1.0 II 10 .09 Ol 
4. Perineal 2 No 54 6.0 11.1 226 go 30 12 
5. Perineal 2 No 45 6.0 13.3 226 78 32 1S 
6. Retropubic 16 Yes 123 9.0 346 820 o8 
7. Perineal I Yes 38 11.0 29.0 420 578 1.60 4 
8. Perineal 2 Yes 38 12.0 31.6 450 610 1.54 5 
g. Perineal I No 30 22.0 234 825 1,020 4.10 3.0 
10. Retropubic 12 Yes me) 18.0 1.27 22 
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Figure 7 shows a very small proportion of 
the colloid in the blood of a patient given 
Au'®® several months after a transurethral 
resection. Scarring from surgery and pre- 
vious Au!’ injections may reduce vascular- 
ity and account for lower blood levels. 

Table 1 illustrates the marked variation 
in the amount of Au’®* entering the blood 
stream during several prostatic injections. 
Blood levels are determined by the blood 
drop technique (Column E). Calculation of 
liver dose (Column G) is based on experi- 
mental evidence which proves the liver to 
be a highly efficient filter for colloidal par- 
ticles.4:5.15-16.20.21, Ninety per cent of the 
Au'®’ in the portal blood is removed in one 
pass through the organ. The entire circulat- 
ing blood volume loses about 20 per cent to 
the liver in one circulation time.”’ In a pa- 
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tient whose circulating blood volume is 5 
liters and whose liver (including spleen) 
weighs 1,600 gm., each mc of Au!® in the 
blood represents 0.8 mc dose to the liver. 
This is 0.5 we per gm. or 38 rep.* A blood 
level of 8 mc results in a liver dose of 300 
rep due to beta radiation. 

External monitoring provides another es- 
timate of relative liver radioactivity. Wide 
variations in counts per minute over an or- 
gan occur with changes of: (A) Background; 
(B) Instrument—(sensitivity, shielding, 
collimation, operating voltage); (C) Posi- 
tion of instrument—(tube-skin distance, in- 
terposed tissues, radioactivity of adjacent 
organs); (D) Geometry of the organ—(vol- 
ume, shape, position). In spite of these vari- 
ables, a single monitoring instrument used 
in a number of cases provides liver dose in- 
formation adequate for present clinical re- 
quirements (Column H). Liver biopsy, 
while not considered essential here, may 
provide more accurate calibration data for 
an external monitor to be used for liver dose 
estimations. Hidalgo,” using a roentgeno- 


* These values, and those of Column G of Table 1, are calcula- 
tions of beta rep based on a Kg of 76 per microcurie destroyed. 
Inasmuch as many complexities exist such as lack of actual meas- 
urement of radioactivity in liver tissue in these cases and un- 
certainties regarding the gamma dose and effective half life at 
different dose levels, it is not considered practicable to attempt to 
specify absolute liver dosages. These calculated values are to be 
considered only as rough estimates and are included primarily 
for purposes of comparing relative values in the different cases. 
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graphic technique, found prostatic Au’ 
concentration in arbitrary units to be about 
42 times the unit concentration in the liver. 
Blood levels in the table indicate a wide 
range of reticuloendothelial dosage with an 
average considerably higher than 1/42 of 
the injected 

The liver-prostate ratio (Column I) is 
based upon counts taken beside the liver 
and prostate one day following the surgery. 
This ratio is the proportion of the Au!’ 
which enters the circulation at the time of 
perineal injections (Column J). In retro- 
pubic cases the liver/prostate ratios are 
occasionally high when compared with 
blood levels of radiogold as in No. 6 of the 
table. The low blood level in this case re- 
sults from simultaneous filtration of sub- 
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stantial amounts of the colloid by the retic- 
uloendothelial system during the prolonged 
injection. Blood radioactivity curves with 
high initial levels are not observed follow- 
ing intracavitary administration of Au!®®, 
Figure 8 shows no significant blood radio- 
activity above the 30 cpm. background be- 
tween 7 and 15 minutes after intraperito- 
neal administration of 150 mc. of radiogold 
colloid. Direct injection of Au!®* into the 
blood is a rare event during intracavitary 
procedures. 


DISCUSSION 


Investigators are in general agreement 
that most of the colloidal Au'®* particles 
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entering the blood stream are filtered out 
by the liver and spleen and, to a lesser de- 
gree, by the bone marrow, lungs and other 
organs.°:*:!5-18.21 There is no general agree- 
ment concerning which of these sites is the 
most critical in limiting the amount of col- 
loid which might enter the blood stream 
without irreversible damage to the organ 
and to the individual. 

Flocks’ detected no instance of liver 
damage or clinically significant marrow ef- 
fect by pathologic examination in prostatic 
carcinoma cases. Yuhl** also found no mi- 
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croscopic changes in the organs of experi- 
mental animals using intravenous injec- 
tions of Au'** in amounts comparable to 7 
mc in humans. Sherman* stated that thera- 
peutic levels of Au'®* are not injurious to 
normal structures. 

Hahn*'® found that following massive, 
divided, intravenous doses of radiogold in 
dogs, the severe liver damage induced by 
the radiation was the cause of death rather 
than the damage to the hemopoietic sys- 
tem. Hahn’s doses were well above those 
encountered in this series, as were Harel’s," 
who administered intraperitoneal radiogold 
colloid in rats in divided doses comparable 
to 400 mc in man. Extensive cellular evi- 
dence of liver damage was shown by both 
investigators. Closen,‘ using 100 mc in- 
jected directly into the portal circulation 
in patients, found significant fatty infiltra- 
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tion in the liver one month after the injec- 
tion. In another case he found that liver 
function tests were normal one month after 
portal injection of 85 mc. 

Kniseley,* administering intracavitary 
gold, found thymol turbidity and cephalin- 
cholesterol flocculation were not altered. 
Sherman” reported that Au’®* placed in the 
peritoneal space produced marked radia- 
tion effects in the retroperitoneal lymph 
nodes of rabbits. Andrews! noted evidence 
of radiation sickness following intracavi- 
tary use. Nolan," injecting Au’®* intersti- 
tially into the parametria of monkeys, was 
impressed by the local effect at the injec- 
tion site and felt that local necrosis limited 
the dose rather than the effect on distant 
organs. The marrow was indicated by Bots- 
ford’ as the principal limiting organ on the 
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evidence of marrow gold particles with con- 
current focal necrosis following intracavi- 
tary Au'®’, Root!® stated that early death 
from a single intravenous dose of Au!’ 
would be expected to result from bone mar- 
row damage rather than the radiation effect 
on the liver. His patients were terminal and 
none lived a length of time, following the 
injection, comparable to the survival time 
of most prostatic carcinoma patients. 

The work of Upton” suggests that 
amounts of Au!®® well within the thera- 
peutic range may cause late liver damage. 
He found that 84 per cent of mice with 
liver doses of 850 to 3,400 rep developed cir- 
rhosis. Similar doses are occasionally found 
in prostatic radiogold patients. It is neces- 
sary to re-evaluate these individuals with 
respect to possible late changes in liver 
function. 

The effect on the marrow also requires 
further study. Botsford’s cases included in- 
tracavitary Au'®® where blood levels of 
radioactivity are low. It is conceivable that 
low levels of Au'®* in the blood stream over 
a long period of time might contribute a 
significant amount to the marrow. Tabern”! 
disagreed, stating that after several days, 
radiocolloid reaching the marrow had lost 
much of its activity. Kniseley stated that 
hypoplasia of bone marrow, especially that 
obtained from lumbar vertebrae, is due to 
gamma radiation from colloid lying within 
the serous cavity. 

The present study reveals that immedi- 
ate blood Au!* in intersitital therapy is fre- 
quently so much higher than that following 
cavitary administration that the two tech- 
niques are not comparable from the view- 
point of blood borne toxicity to distant or- 
gans. Should thorough study prove that in- 
terstitial doses of 150 mc do not damage 
liver and marrow, one may speculate that 
intraperitoneal doses will also prove in- 
nocuous to these organs. 

There is evidence that admixtures such 
as pectin and gels might alter the amount 
of Au’®$ which escapes into the blood during 
intersititial injection.”?> Kerr, e¢ con- 
cluded that hyaluronidase increased the 
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amount of gold absorbed into the circula- 
tion. In this series of cases there is no cor- 
relation between the use of hyaluronidase 
and adrenalin and the blood levels of radio- 
activity immediately following the injec- 
tion. Hyaluronidase may improve local dis- 
tribution and increase later spread via the 
lymphatics and tissue planes,’ however, 
these routes do not account for clinically 
significant liver doses. The portion of Au!®® 
appearing in the blood during the first cir- 
culation time after the injection must be 
forced mechanically into vascular channels. 
During the next few minutes, diffusion into 
open veins and capillaries accounts for ad- 
ditional circulating Au'®’. Transfer of sig- 
nificant amounts of non-ionizable Au! 
through intact vessel membranes does not 
occur during the time of sharp rise and 
rapid fall of blood radioactivity. During 
this initial period, passage of Au'®® into the 
blood stream via the lymphatics is not 
likely. The important factors which deter- 
mine high immediate blood levels are those 
influencing direct entry of the Au'®* from 
the needle tip or needle wound into vascular 
channels and include: (1) Vascularity of the 
tissue infiltrated, and (2) needle positioning 
and degree of vascular trauma. 

Included in Wheeler’s precautions for the 
interstitial injection of Au'®® is adequate 
exposure of the tissue to be infiltrated.” 
This is sound advice for any surgical pro- 
cedure and should do much to prevent the 
loss of radiogold into the blood stream dur- 
ing interstitial injection. Improved tech- 
niques for infiltration of radiogold into tis- 
sues wiil evolve with the aid of body radio- 
activity surveys in clinical cases. 


SUMMARY 


1. Body surveys of radioactivity are ad- 
visable following interstitial use of radio- 
colloids. 

2. There is marked variation of Au'®* en- 
tering the blood stream during different 
prostatic injections. 

3. Blood samples should be drawn within 
a few minutes of the injection to reflect 
highest blood levels of radioactivity. 


Radioactivity in the Blood, Liver and Prostate 1137 


4. Factors influencing mechanical entry 
into vascular channels at the injection site 
account for high initial circulating Au’, 

5. Hyaluronidase and adrenalin have no 
significant effect upon immediate blood 
levels. 

6. Radioactivity over the liver one day 
after surgery provides a clinically useful 
estimate of liver dose. 

7. Estimated liver dose in patients fol- 
lowing interstitial prostatic injection is oc- 
casionally in amounts comparable to levels 
which produce liver damage in experimen- 
tal animals. 


Wayne Rounds, M.D. 
1300 University Avenue 
Madison 6, Wisconsin 
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ACUTE RADIATION DEATH OF DOGS RECEIVING A 
SINGLE MASSIVE DOSE OF INTRAVENOUS 
RADIOACTIVE GOLD* 


By P. F. HAHN, Px.D., ANDREW H. JACKSON, M.D., FRANK E. STAGGERS, M.D., 
MARVIN A. JACKSON, and E. L. CAROTHERS 
Cancer Research Laboratories, Meharry Medical College 
NASHVILLE, TENNESSEE 


we radioactive colloidal gold is ad- 
ministered by vein, it promptly under- 
goes phagocytosis by the reticuloendo- 
thelial system, especially in the liver and 
spleen, thus providing a quite selective 
means of internal irradiation. During the 
past eight years we have been investigat- 
ing, not only the uses of radioactive col- 
loidal gold, but the results following such 
intravenous administration in the treat- 
ment of chronic leukemias, Hodgkin’s dis- 
ease and lymphomas.**® Dosages in 
these conditions have been arrived at some- 
what empirically, and so it is of definite in- 
terest to determine the maximum tolerance 
of the reticuloendothelial system to the ad- 
ministration of such material and to deter- 
mine the survival, and the quality and ex- 
tent of changes in normal tissues following 
the internal irradiation procedure. 

Comprehensive studies of histopathology 
following external irradiation have been 
carried out and reported by Warren and 
associates.®:14:45.16 Hepatic changes follow- 
ing administration of massive amounts of 
gold colloid given intravenously in divided 
doses to young dogs have been described 
by Hahn, Jackson and Goldie.’ Splenic 
architectural changes in mice following use 
of such sols have also been reported by 
Goldie, et al.? 

Some changes seen in g dogs, receiving 
one massive injection of colloidal radioac- 
tive gold administered intravenously and 
surviving fifteen days or less, are presented 
below. Other animals in this series which 
survived long enough to receive multiple 
doses will be considered elsewhere. 


METHODS 


The animals used were given distemper 
vaccine, de-fleaed, de-wormed and main- 
tained on stock Purina Chow. Two sets of 
litter-mate pups comprising 5 dogs were 
used. The other 4 dogs were not related but 
were all pups or young adults. A single dose 
of radioactive gold colloid was given by 
vein in amounts indicated in Table 1. This 
amount of radioactivity on a mc/kg. basis 
represents 8 to 70 times the levels used in- 
travenously in treatment of chronic human 
leukemia (0.5-1.2 mc/kg.). The estimated 
roentgen equivalent dose to the liver was 
calculated by using the formula of Mari- 
nelli, Quimby and Hine,° assuming a liver 
mass equal to 2.4 per cent of total body 
weight and deposition of 90 per cent of the 
colloid in that organ. Blood studies, includ- 
ing total white blood cell count, differen- 
tial, hematocrit and sedimentation rate, 
were carried out at approximately three 
day intervals. Histologic sections were ob- 
tained at autopsy on all animals. Lymph 
nodes were taken from the axillary and in- 
guinal regions and costal bone marrow was 
used. 


RESULTS 


A summary of histologic findings* for 
each dog may be found in Table 11, with 
pertinent comments on gross specimens ap- 
pearing in the last column. 

Liver. Fibrosis was minimal to absent in 
these dogs. It is felt that insufficient time 
had elapsed for fibrotic changes to have oc- 


* We are deeply indebted to Dr. Roger Terry for examination 
of the histologic sections. 


* This work was carried out under contract with the Division of Biology and Medicine, United States Atomic Energy Commission. 
Partial support for its latter phases was derived from the Josiah Macy, Jr., Foundation. 
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RADIATION PROTOCOL AND SURVIVAL TIMES FOLLOWING SINGLE INTRAVENOUS ADMINISTRATION 


Age (Weeks) Survival 

Dog No. Dose me Dose me/kg. Total e.r.* toliver Time 

(days) 

50-20T 39 16.2 46,000 15 
Male 

go-21T 11 54 $3.48 66 ,000 9 
Male 

50-22t 74 23.9 . 68,000 9 
Female 

§1-23 6 9 21,000 
Male 

§1-32 7 10 1§ ,000 
Female 

§1-43 8 14 4.4 12,000 12 
Male 

51-46 Young Adult 203 ‘a4 100 ,O00 10 
Male 

§2-146T 16 180 48.7 138,000 9 
Male 

§2-147T 16 240 66.7 200 ,000 7 
Male 


* e.r.= estimated beta equivalent roentgens. 
+ Litter mates. 


curred. Surprisingly, practically no liver nective tissue. However, Mallory and Mas- 
damage was visible in 6 dogs, as there were son stains demonstrated very little colla- 
only congestion and round cell infiltration gen. Thickened capsules were a common 
(lymphocytes and some macrophages) of finding. 

the interlobular trabeculae. On the other Lymph Nodes. The lymph nodes exam- 
hand, 3 dogs showed much evidence of pa-_ ined were for the most part hypoplastic 
renchymal damage, as there was variationin with germinal follicles either absent or 
the size and shape of the cells and nuclei in “ghost-like.”” Phagocytosis of red blood 
addition to separation of the cells from one cells and of other debris was a prominent 
another, with edema of the spaces of Disse. finding. Black pigment granules were also 
The reticuloendothelial cells generally con- seen. 

tained brown and blackish pigment, the Bone Marrow. All animals showed bone 
nature of which was not determined. It marrow changes, 5 being aplastic and 4 
may have represented formol heme arte- hypoplastic. 


facts, hemosiderin and/or gold granules. Lungs. Mild to severe pulmonary in- 
Spleen. In most of the spleens the mal- volvement was seen in all dogs in the series. 
pighian bodies were small or absent and Gastrointestinal Tract. Intestinal hemor- 


there was an over-all decrease in white rhage was noted grossly at autopsy in 3 
pulp. This allowed the trabeculae and other dogs. One animal had microscopic evidence 
stromal structures to come closer together, of focal gastrointestinal hemorrhage. How- 
giving the impression of an increase in con-_ ever, serial sections were not made. Some 
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sections showed alteration of lymphoid fol- 
licles. 

Other Organs. The heart, kidney, adrenals 
and pancreas showed no evidence of dam- 
age, with the exception of dog 50-22, in 
which kidney lesions were found consisting 
of thickened glomerular basement mem- 
branes, many hyalinized glomeruli and 
swollen tubular epithelium. 

Hematology. As expected, the white 
blood cell series displayed the earliest and 
most profound changes. Total white blood 
cell counts fell progressively on the average 
to 8 per cent of the pre-treatment level be- 
fore the animals died. Dog 51-43, however, 
displayed a leukocytosis rising from a pre- 
treatment level of 16,000 to 29,000 just 
prior to death. A leukocytosis and shift to 
the left were apparent in 2 dogs, §2-146 and 
52-147, on the first post-treatment day 
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which gave way to a persistent leukopenia 
on the third day. The lymphocyte counts 
of these latter two animals fell to 1 per 
cent of the total white blood cell count by 
the second postradiation day and remained 
at that level. Three dogs developed a lym- 
phopenia of less than 5 per cent of the total 
white blood cell count, followed by a rise 
to above normal values before death. Mon- 
ocytes were markedly depressed by the 
third day in 5 of the 9 dogs. No postirradi- 
ation eosinophilia was noted in any animal. 
There was an average progressive fall in 
hematocrit in the series to 61.4 per cent of 
pre-treatment values. 


DISCUSSION 


The 9 dogs studied represent an acute 
radiation disorder induced by the intra- 
venous use of large doses of Au'®*. This is 


TasBce II 


SUMMARY OF PATHOLOGIC FINDINGS* 


Liver Spleen Lymph Node Bone Marrow Lung 
50-20 Mild portal fibro i is; degenerated mal- hypoplasia; marked “hypeple- hemorrhage normal 
congestion; cloudy pighian bodiesand erated germinal sia with phagocy- edema 
swelling; edema of white pulp; con-_ follicles tosis and nuclear 
spaces of Disse; gestion debris 
variation in size of 
cells and nuclei 
50-21 Minimal portal rs no malpighian hypoplasia; : degen- aplastic congestion and normal 
brosis; congestion; bodies; increased erated germinal edema 
cloudy swelling; connective tissue; follicles 
central cellular in- congestion 
filtration 
50-22 Minimal portal + no malpighian hypoplasia; no aplastic congestion and normal 
brosis; central cel- bodies; increased germinal follicles edema 
lular infiltration; connective tissue; 
congestion congestion 
51-23 Congestion; exten- no malphigian marked hypopla- aplastic congestion and normal hemo-hydrotho- 
sive cloudy swelling bodies; increased sia edema rax, 30 CC. Cco- 
connective tissue; lon-hemorrhage 
congestion 
51-32 Normal (passive no malpighian hypoplasia: no slight; hypoplasia interstitial pneu- normal 
congestion) bodies; increased germinal follicles edema regenera- monia 
connective tissue; tion 
congestion 
31-43 No fibrosis: central no malpighian hypoplasia: no anodievate hypo- necrotizing and normal hemorrhagic 
cellular infiltration; bodies; increased germinal follicles plasia organizing bron- lungs; general- 
dilated perivascular connective tissue; chopneumonia ized lymphad- 
lymphatics; conges- congestion enopathy 
tion 
51-46 Minimal portal fi- decrease in size of hypoplasia; no aplastic congestion and focal hemorrhage duodenal hem- 


brosis; dilated peri- 
vascular lymphat- 
ics; cellular infiltra- 
tion 

52-146 No fibrosis: great 
variation in cell 
size; edema of 
spaces of Disse 


52-147 Variable dual pa- 
renchymal cells and 
nuclei; no fibrosis; 
edema of Disse’s 
spaces 


malpighian bodies; 
congestion 


small sparse mal- 
pighian bodies; 
congestion 


some decrease in 
size of malpighian 
bodies; congestion 


germinal follicles; 


RBC phagocytosis 


no germinol folli- 
cles; marked RBC 
phagocytosis 


no germinal folli- 
cles; architecture 


obliterated by 


hemorrhage 


marked hypopla- 
sia 


edema 


diffuse broncho- 
pneumonia and 
edema 


in submucosa 


early autolysis 


orrhage; hydro- 


thorax; hemor- 
rhagic lymph 
nodes 


diffusely hem- 
orrhagic lungs; 
hemorrhagic co- 
lon 


aplastic mild ‘interstitial normal hemorrhagic 
pneumonia an lungs; diffuse 
edema liver hemor- 
rhage 


*H & E stain. 
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characterized by changes in the blood find- 
ings, depression of bone marrow, hemor- 
rhagic phenomena and early death. 

As expected, the histologic changes in 
various tissues are similar to those pro- 
duced by external irradiation but may vary 
in intensity due to the beta emission and the 
highly selective uptake of the particulate 
gold colloid by the reticuloendothelial sys- 
tem. The mild changes produced in the 
livers of most of the animals are consistent 
with the results of other investigators,>1°" 
and are surprising here since a large dose 
was administered and because intravenous 
colloidal gold is lodged primarily in the 
phagocytic cells of this organ.® It was neces- 
sary to inject 34 to 49 mc/kg. or more than 
100,000 estimated equivalent roentgens to 
the liver (Table 1 and 11) in order to pro- 
duce outstanding hepatic injury with 
single dose in litter mates 52-146 and 
52-147. In the intravenous radiogold ther- 
apy of chronic leukemias in humans the 
liver receives 2,000—2,500 equivalent roent- 
gens. It appears that there exists a high de- 
gree of resistance by the liver to a single 
massive dose of internal radiation. The ob- 
servation period was, of course, too brief 
to note any delayed radiation effects. 

The gold colloid is concentrated in the 
spleen to a lesser extent than in the liver; 
however, the lymphoid destruction in this 
organ, its congestion and ultimate shrink- 
age were apparent within the observation 
period. The results agree with those of 
Clarkson and co-workers,! using external 
radiation, and those of Goldie, et a/.? utiliz- 
ing internal radiation by the intrapleural 
and intraperitoneal route with radioactive 
colloidal gold in mice. However, as noted 
above, Mallory and Masson stains indicate 
a relative, rather than absolute, increase in 
connective tissue in the spleens of this 
series. Again the period of observation is 
probably too brief for fibroplasia to make 
itself apparent. The decrease in splenic size 
is here contrasted with the findings of 
Platt,!° who noted no decrease in the size 
of this organ in his series of 43 humans 
treated with radioactive phosphorus. The 
relatively high specific uptake of gold col- 
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loid by the spleen must be considered in 
evaluating this difference. 

The rather uniform finding of hypoplas- 
tic lymph nodes is a radiation effect dis- 
cussed elsewhere. The red blood cell phago- 
cytosis in this lymphoid tissue has been seen 
often in heavily irradiated humans.' The 
histologic changes possibly have a dual 
causation. First, they have a direct radia- 
tion effect, since gold colloids may be taken 
up by lymph nodes in small quantities." 
Also, massive radiation to one part of the 
body produces some damage to lymphatic 
organs all over the body.** We have ob- 
served similar phenomena in the treatment 
of human leukemia and consider it to be a 
humoral effect.‘ 

Colloidal gold is deposited in small quan- 
tities in the bone marrow when given in- 
travenously.” The beta effect on marrow 
and the distant effects of massive irradia- 
tion of the whole body by gamma irradia- 
tion apparently combined to produce bone 
marrow changes i in all animals presented 
here. An increase in young granulocytes, as 
an indication of bone marrow regeneration, 
was not seen in the litter mates 50-20, 
go-21 and 50-22 and was seen only tran- 
siently in 52-146 and 52-147. It is probable 
that the markedly hypoplastic or aplastic 
marrows were, indirectly, a major cause of 
death, allowing any intercurrent, infectious 
processes, especially in the lung, to proceed 
unchecked. Intestinal hemorrhage was 
probably another immediate cause of 
death. 

The paucity of radiation injury to the 
kidney, adrenal or heart is contrasted to the 
findings of Platt,!° using the soluble radio- 
active isotope of phosphorus in humans. 
The basic difference, in effect, is probably 
due to the fact that colloidal gold, by its 
insolubility and particulate nature, has a 
distribution which is limited to organs con- 
taining relatively large amounts of reticulo- 
endothelial tissue. The negligible urinary 
excretion of colloidal gold is also a factor. 

The dramatic drop in leukocytes and a 
lymphopenia were findings common to 
most intensive irradiation procedures. In 
contradistinction to an earlier report in- 
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volving dogs receiving smaller doses,’ a 
significant depression of monocytes was ob- 
served here. However, this series is too 
small for critical analysis. The anemia seen 
made its appearance early in the second 
postirradiation week as contrasted with 
that from external irradiation in humans.’ 
It is unlikely that it is related to interfer- 
ence of red blood cell formation since, in 
view of the life span of the erythrocyte (120 
days), the effect would not be apparent in 
this short interval. A mean fall of from 34 
per cent hematocrit before treatment to 
21 per cent after irradiation in these ani- 
mals receiving massive doses is compared 
with the mean drop from 43.3 per cent to 
39.1 per cent found by Wheeler, e¢ a/."" in 
dogs which received 1 mc/kg. It should be 
kept in mind that the young age group used 
accounts for the low control hematocrit 
levels in the present experiments. 

It is of interest that the animals which 
died following the lowest radiation expo- 
sures (12,000-21,000 equivalent roentgens 
to liver) were by far the youngest animals. 
As we shall point out in another communi- 
cation, age plays an important role in in- 
ternal irradiation responses in dogs. 


SUMMARY 


Nine young dogs with acute radiation 
death resulting from one massive intra- 
venous dose of radioactive colloidal gold 
are presented. Most of the animals sur- 
vived less than eleven days. Some histo- 
logic changes are noted and discussed. In 
addition to the marked leukopenia and 
lymphopenia, the monocytic series of cells 
was significantly depressed in these dogs. 
The anemia appeared early and was severe. 
Histologic evidence of liver damage was 
minimal in most animals. Marked hypo- 
plasia or aplasia of the bone marrow was 
found in all animals. 


Dr. P. F. Hahn 
Meharry Medical College 
Nashville 8, Tennessee 
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SUBSTERNAL THYROID IDENTIFIED BY A SIMPLE 
RADIOIODINE (I'*) PROCEDURE* 


By IRVIN F. HUMMON, M.D.,+ and MARION F. MAGALOTTI, M.D.t 


CHICAGO, ILLINOIS 


HE incidence of substernal thyroid is 

not high. One of us found 13 substernal 
thyroids in 17,213 routine chest film ex- 
aminations of the normal population. This 
agrees well with the findings of Crimm,’ 
who found 30 substernal thyroids in 70, 847 
examinations of normal population, ap- 
proximately 0.4 cases per thousand. How- 
ever, the problem of ‘“‘widened superior 
mediastinum” is not infrequent. This may 
be an incidental finding on a chest film or 
may be suspected from the clinical history 
and findings. 

The differential diagnosis is commonly 
between substernal thyroid (i.¢., isolated 
substernal thyroid tissue or a downward 
extension of an enlarged cervical thyroid), 
aneurysms, congestion accompanying or- 
ganic heart disease, and the many neo- 
plastic diseases that arise in, or metastasize 
to, this region. 

The procedure to be described easily 
identifies functioning substernal thyroid 
tissue. It is an adjunct to the routine 
iodine 131 uptake studies, and all the rules 
of precautions in doing a radioiodine tracer 
study should be observed. The procedure is 
similar to that described by Corrigan and 
Hayden!’ in their paper, “Diagnostic Stud- 
ies with Radioactive Isotope Tracers.” 
However, in our procedure, we have es- 
tablished a range of values within which 
normal thyroids fall, and values falling out- 


side this range indicate the presence of 


functioning substernal thyroid tissue. A 
negative result does not absolutely rule out 
substernal thyroid as, in some cases, the 
tissue may have too low an uptake for valid 
measurements. This is more apt to occur in 
carcinoma of the thyroid than in other 
thyroid diseases. 


PROCEDURE 


The patient receives 50 microcuries ot 
I's! orally and returns 24 hours later for the 
uptake and substernal studies. These 


studies are done with a scaler and end-win- 
dow shielded gamma bismuth cathode Gei- 
ger tube (aperture opening 2.8 cm.). The 
routine uptake is determined at 20 cm. dis- 
tance between the anterior surface of the 
neck and the end window of the Geiger 
tube, duplicating the conditions for the em- 


Fic. 1. The circle above the suprasternal notch is the 
location of the first reading (point zero) for the 
substernal study and is interpreted to represent 
100 per cent. Subsequent readings below this point 
are converted to percentage of point zero, 


* From the Hektoen Institute for Medical Research of the Cook County Hospital, Chicago, Illinois. 
Supported by a grant from the Dr. Leonard H. and Louis Weissman Research Foundation. 

+ Director, Radiation Center, Cook County Hospital, Chicago, Illinois. 

t Associate Director, Radiation Center, Cook County Hospital, Chicago, Illinois. 
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TABLE I 
SUBSTERNAL FALL-OFF IN CONTROL CASES AND THOSE WITH A “WIDENED SUPERIOR MEDIASTINUM” 
| 24 hr. Cm. Below the Suprasternal Notch 

Reported Cases Uptake | ocm. 2cm. 4cm. 6 cm. 8cm. | Iocm.| 12 cm. 
% % % % % % % % 

Range of 30, control cases 13 100 15-38 | below | below | below | below | below 
to 70 13 Ke) 10 10 fo) 

Case I, substernal thyroid 22 100 71 36 25 1S 13 below 
Io 

Case II, substernal thyroid 60 100 65 er 44 21 II below 
To) 

Case III, substernal thyroid 22 100 62 33 16 12 below | below 
10 10 

Case IV, substernal thyroid 34 100 95 57 19 10 below | below 
10 10 

Case V, substernal thyroid 28 100 74 31 14 below | below | below 
10 10 

Case VI, substernal thyroid 17 100 60 27 13 10 below | below 
10 10 

Case VII, lung carcinoma 26 100 29 10 below | below | below | below 
Io 10 10 10 

Case VIII, aneurysm—right innominate artery 13 100 24 below | below | below | below | below 
10 10 10 10 10 

Case IX, vascular congestion 24 100 15 below | below | below | below | below 
10 10 10 10 10 

Case X, vascular congestion 67 100 19 below | below | below | below | below 
10 10 fe) 10 fe) 


and the patient returns on the third day. 

For substernal study, the shielded Geiger 
tube is placed in contact with the patient 
and the zero reading is taken at the mid- 
line at the suprasternal notch as shown in 
the diagram (Fig. 1). The tube is moved in 
the midline at 2 cm. intervals downward 
toward the xiphoid process, counts being 
taken at each 2 cm. station with the tube in 
contact with the patient. If the superior 
mediastinal mass is not in the midline, the 
readings are taken over the axis of the 
mass. 

The count at zero (suprasternal notch) 
is taken as 100 per cent. The counts below 
this point are recorded as a percentage of 
the initial point. 

This study was first done on 30 control 
cases, in which no substernal thyroid was 
suspected and no superior mediastinal 


mass was visible on the chest film. These 
cases were in the euthyroid or hyperthy- 
roid range. A normal “fall-off” into the 
superior mediastinum was established. This 
was followed by studies on cases with a 
“widened superior mediastinum”’ as seen 
on the chest film. 


REPORT OF CASES 


The 30 control cases with no superior 
mediastinal mass suspected clinically or 
visible on the chest film are reported col- 
lectively. As shown in Table 1 the 24 hour 
I's! uptakes varied from 13 to 70 per cent. 
The range of the percentage in relation to 
point zero (100 per cent) at 2 cm. stations 
below the suprasternal notch are also 
shown on the table. Readings below to per 
cent of point zero are of little diagnostic 
value and approach normal body back- 
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ground. The composite curve for the control 
cases (shaded area, Fig. 2) forms a definite 
pattern down to the Io per cent fall-off 
level. 


Case 1. A white male, aged sixty, was ad- 
mitted to the hospital complaining of intrac- 
table cough, 31 pound weight loss, substernal 
pain, difficulty in swallowing and progressive 
venous enlargement of the neck and anterior 
chest wall of two years’ duration. He thought 
the veins of the chest began to enlarge about 
ten years ago when he first noticed a “lump” at 
the base of the right neck. On physical exami- 
nation, there was marked non-pulsating venous 
distention of the neck and anterior chest wall. 
The veins were tortuous and measured up to 
1.6 cm. in diameter. A nodular mass (60 gm. 
estimated) was palpable at the base of the right 
neck. The chest film (Fig. 3) showed a large 
mass in the superior mediastinum with com- 
pression of the trachea. A signet-shaped calcifi- 
cation was present at the base of the right neck, 
consistent with a calcified thyroid adenoma. 
The admission diagnosis was right nodular 
goiter, superior mediastinal tumor with venous 
flow obstruction and organic heart disease. 
Serology was negative. Bronchoscopy was 
negative except for fixation and compression of 
the trachea due to an extrinsic mass. 

The 24 hour I"! uptake was 22 per cent. The 
differential study showed the uptake on the 
right over the cervical mass to be twice as 
high as compared with the left side. From 
Table 1 one can see that the findings on the 
substernal study were definitely different from 
those in the control group, which is also noted 
when this information is plotted on semi-log 
graph paper (Fig. 2). 

This patient refused any surgical procedure. 
He was treated with radioactive iodine and 
showed a marked improvement in the clinical 
symptoms and findings. He was quite comfort- 
able for over three years, until the time of his 
death, which was attributed to coronary heart 
disease. Although no pathologic confirmation 
was obtained, we wish to point out that a work- 
able diagnosis was arrived at and most impor- 
tant of all, specific treatment was possible that 
led to clinical improvement for over three years. 


Case 11. A white male, aged fifty-nine, was 
admitted to the hospital with the chief com- 
plaints of dyspnea on exertion and an enlarging 
mass in the lower anterior cervical region. The 


Fic. 3. Case 1. A sixty-year old white male with a 
huge substernal thyroid producing tracheal com- 
pression and superior mediastinal syndrome. A 
signet-shaped calcification is visible at the base 
of the right neck consistent with a calcified thy- 
roid adenoma. 


patient reported that twenty years ago he was 
told he had a goiter. The patient’s symptoms 
began two and one half years ago and had been 
getting progressively worse. On physical ex- 
amination, a nodular goiter was palpable. The 
roentgen film of the chest (Fig. 4) showed 
widening of the superior mediastinum with 
considerable tracheal compression and displace- 
ment to the right. 

The 24 hour I'*! uptake was 60 per cent, or 
in the hyperthyroid range. The substernal study 
was positive for substernal extension of func- 
tioning thyroid (Fig. 2 and Table 1). 

At surgery, a large mass was found extending 
beneath the sternum, displacing the trachea 
and esophagus and being adherent to these 
structures. A resection was obtained. The 
pathologic diagnosis was that of fetal adenoma 
of the thyroid and nodular hype of the 
thyroid with calcifications. 
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Fic. 4. Case uu. A fifty-nine year old white male 
with a substernal thyroid producing considerable 
tracheal compression and displacement to the 
right. 


Case 111, Iv, v and vi. These 4 cases showed 
a “widened superior mediastinum”’ on the chest 
film. The substernal study was positive for func- 
tioning thyroid (Fig. 2 and Table 1). These 
cases were subsequently shown to have a sub- 
sternal goiter. 


Case vu. A Negro male, aged fifty, was ad- 
mitted with the chief complaints of pain in the 
right shoulder of four months’ duration and 
swelling of the right hand of two weeks’ dura- 
tion. The chest film showed widening of the 
superior mediastinum to the right, obscuring 
the medial portion of the apex of the right 
lung. The thyroid was slightly palpable bi- 
laterally. The clinical impression was superior 
sulcus carcinoma, but the patient was referred 
for I! study to rule out functioning substernal 
thyroid. The 24-hour I'*! uptake was 25 per cent 
euthyroid. The substernal study was negative 
for the fall-off was normal (Fig. 2 and Table 1). 
The diagnosis of superior sulcus carcinoma was 
confirmed on postmortem examination. 
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Case vu. A Negro female, aged sixty-eight, 
was admitted complaining of cough, with 
“something in her throat” that she could not 
cough up, of two months’ duration. She had a 
bilateral cystic and nodular goiter (60 gm. 
estimated), which she had had for many 
years and there was no recent change in size. 
The chest film (Fig. 5) showed a “superior 
mediastinal mass” with tracheal compression 
and deviation to the left. 

The 24 hour I uptake was 13 per cent. 
Since the uptake was too low for a satisfactory 
substernal study, a second 50 microcurie tracer 
dose was immediately given. The patient re- 
turned the following day and the substernal 
study was done. It showed no evidence of func- 
tioning substernal thyroid (Fig. 2 and Table 1). 
The patient had a positive serology. The clinical 
impression was aneurysm of the right innomi- 
nate artery which was subsequently confirmed 
on pathologic examination, 


Fic. 5. Case vit. A sixty-eight year old Negro fe- 
male with a superior mediastinal mass shown to 
be an aneurysm of the right innominate artery. 
Note the tracheal deviation to the left with com- 
pression. 
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Case 1x and x. These two cases are pre- 
sented together for they are both cases of or- 
ganic heart disease with decompensation. They 
are not remarkable cases, but the problem of 
“widened superior mediastinum” in this type 
of case not infrequently confronts the radiolo- 
gist. The chest film on each showed a widened 
superior mediastinum. Case 1x was hyperthy- 
roid, with an I'*' uptake of 67 per cent. Case x 
was euthyroid, with an uptake of 24 per cent. 
In neither of these cases was the thyroid pal- 
pable. Substernal studies were requested to rule 
out functioning substernal thyroid. Both cases 
showed a normal substernal “fall-off” (Fig. 2 
and Table 1). Subsequent clinical follow-up 
studies substantiated the impression of widened 
superior mediastinum due to vascular engorge- 
ment. 


DISCUSSION 


Ten cases were presented to illustrate a 
superior mediastinal study to . identify 
functioning thyroid. Whether the case is 
euthyroid or hyperthyroid, substernal ['*! 
tracer study has been shown to be valid in 
establishing or ruling out the presence of 
functioning substernal thyroid. In following 
the plan outlined for substernal study, the 
counts are taken systematically below the 
suprasternal notch. In doing so, a rather 
definite pattern is established that can be 
compared with the control group. There is 
probably less chance of arriving at an er- 
roneous conclusion with this method of 
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approach than by taking arbitrary counts 
over the superior mediastinum. 

The procedure outlined in this paper was 
first used in our department in 1950. Since 
then over 100 patients have been examined 
for substernal thyroid and the technique 
outlined above has become an established 
procedure. 


SUMMARY 


A simple radioiodine procedure was de- 
scribed to identify functioning substernal 
thyroid. A normal fall-off into the superior 
mediastinum was first established. It was 
shown that when functioning thyroid is 
present in the superior mediastinum, the 
fall-off is different and definitely so. By es- 
tablishing a normal fall-off, subsequent 
cases can be more easily evaluated for the 
presence of functioning substernal thyroid. 


M. F. Magalotti, M.D. 
Radiation Center 

Cook County Hospital 
1903 N. Harrison Street 
Chicago 12, Illinois 
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FOUR CASES ILLUSTRATING THE USE OF I" IN THE 
MANAGEMENT OF METASTATIC CARCINOMA 
OF THE THYROID* 


By JOHN P. STORAASLI, M.D., and DONALD P. KING, M.D. 
From the Department of Radiology, University Hospitals of Cleveland and Western 
Reserve University, School of Medicine 
CLEVELAND, OHIO 


we time is necessary before a com- 
plete appraisal can be made of the 
value of radioactive iodine in the manage- 
ment of metastatic carcinoma of the thy- 
roid. There is good evidence to show that 
life can be prolonged in those patients 
whose tumors selectively take up signifi- 
cant amounts of I'*!, Of all patients with 
metastatic carcinoma of the thyroid, ap- 
proximately 40 to 50 per cent show selec- 
tive uptake,!? but of these, only a small 
number retain sufficient amounts of [!*! 
to warrant its initial use therapeutically. 
However, there are certain measures which 
may be tried in selected cases in an at- 
tempt to make the disease amenable to this 
form of treatment. 

The first successful use of radioactive 
iodine in the treatment of metastatic car- 
cinoma of the thyroid was recorded by Seid- 
lin et al.” in 1946. Since then a rather clear 
picture has emerged concerning the use of 
I"! in the treatment of this disease. In order 
to understand better the problems in- 
volved, a brief discussion of the more im- 
portant considerations in the management 
of metastatic carcinoma of the thyroid 
should be outlined. These have to do with: 
(1) histopathological type of tumor, (2) 
total ablation of all normal thyroid tissue, 
(3) utilization of antithyroid drugs, and (4) 
the use of therapeutic doses of ['*1, 

Histopathological Type of Tumor. Frantz 
et al.,’ in 1944, first recognized the correla- 
tion between uptake of iodine and colloid 
formation by the tumor and found no re- 
tention in undifferentiated sites. It is now 
apparent that if one is to anticipate suffici- 
ent uptake of I'*! by the tumor to warrant 


therapy, there must be histopathological 
evidence of follicle formation either in the 
primary lesion or in the metastases. This 
does not mean to imply that all tumors with 
colloid formation will respond favorably to 
radioactive iodine, for in some instances 
well-differentiated adenocarcinomas with 
abundant colloid have failed to show any 
selective uptake of the isotope. 

Total Ablation of All Normal Thyroid Tis- 
sue. lodine concentration by metastatic 
thyroid carcinoma is inhibited by the pres- 
ence of normal thyroid tissue. Seidlin e¢ a/.8 
and Rawson et a/.' first demonstrated that 
in many instances nonfunctioning metas- 
tases could be made to concentrate |'* if 
all of the normal thyroid gland were re- 
moved surgically or destroyed with a large 
dose of radioactive iodine. The elimination 
of normal thyroid function, therefore, is the 
first step in the management of patients 
considered candidates for I'*! therapy. 

Utilization of Antithyroid Drugs. The 
efficacy of prolonged use of large doses of 
thiouracil to enhance the capacity of the 
tumor to concentrate iodine was first shown 
by Rawson ef a/.° and Rall et al. By ad- 
ministering 0.8 to 1.2 grams a day, in di- 
vided doses, over a period of several 
months, the tumor can be encouraged to 
collect as high as 90 per cent of the dose 
of I", It appears that other antithyroid 
drugs, such as methyl mercaptoimidazole, 
will act similarly and might possess the ad- 
vantage of having less side effects. 

Use of Therapeutic Doses of I!. To in- 
sure an adequate radiation effect on the 
tumor, large doses of radioactive iodine are 
required. Calculation of a dose should, to 


* This work was performed in part under contract No. W31-109-eng-78 between United States Atomic Energy Commission and 
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Metastatic Carcinoma of the Thyroid 


Fic. 1. Case 1. (4) Chest roentgenogram prior to treatment showing metastases in lungs and superior me- 
diastinum. (B) Chest roentgenogram 11 months after I! treatment, showing disappearance of lung me- 


tastases and regression of the mediastinal mass. 


a certain extent, be based on the total re- 
tention of the tracer dose as well as on esti- 
mated volume of all tumor tissue present 
in the patient. Therapeutic doses usually 
range from 100 to 200 millicuries in a single 
treatment. Larger single doses would theo- 
retically be better, but a compromise must 
be made to avoid permanent radiation in- 
jury to other body tissues, such as the 
hematopoietic, gastrointestinal, and genito- 
urinary systems. 

The aim in treating a patient with meta- 
static carcinoma of the thyroid is to give 
the largest tolerated doses of radioactive 
iodine at intervals of three to four months 
until the tumor tissue no longer demon- 
strates a capacity to collect iodine. When 
this is achieved, myxedema is evident. The 
patient is then given desiccated thyroid 
and watched closely for evidence of tumor 
growth. If this occurs, the thyroid medica- 
tion is stopped and I'*! tracer studies are 
carried out to detect any function. 


To illustrate the problems involved, 4 
case reports are presented to demonstrate 
different aspects of the management of 


metastatic carcinoma of the thyroid with 


REPORT OF CASES 
Case 1. S.F. (U.H. No. 284-375). A white fe- 


male, aged thirty-seven, was referred to us in 
April, 1949, following the discovery of meta- 
static carcinoma in the lungs on a routine chest 
roentgenogram. She had had a thyroidectomy 
fourteen years previously for a nodular enlarge- 
ment of the thyroid. Pathological report at that 
time was papillary cystadenoma with blood 
vessel invasion. On physical examination the 
only positive finding was a firm, 3 cm. mass in 
the region of the thyroid. Roentgenological 
studies of the chest disclosed multiple nodules 
in both lungs and a large mass in the right 
superior mediastinum at the level of the aortic 
arch (Fig. 14). The basal metabolic rate was 
+15 per cent and a serum cholesterol was 250 
mg. per cent. Other laboratory findings were 
not contributory. 
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Fic. 2. Case 1. Partially differentiated adenocar- 
cinoma of the thyroid with a papillary component 
(X124). 


In April, 1949, an I'*! tracer study revealed 
30 per cent retention in the thyroid region. 
There was also evidence of selective uptake over 
both lungs. In May, 1949, the neck was ex- 
plored surgically and as much of the thyroid 
tumor as possible was removed. No normal thy- 
roid tissue was found. Pathological examina- 
tion of the specimen revealed a partially differ- 
entiated adenocarcinoma with a papillary com- 
ponent (Fig. 2). During the patient’s convales- 
cence, a therapeutic dose of 100 millicuries of 
I'8t was given orally. In October, 1949, tracer 
studies revealed persistent uptake of I'*! over 
the lungs and mediastinum and the patient 
was given a second therapeutic dose of 100 
millicuries of 

During the next three months, serial chest 
roentgenograms showed some regression of the 
metastases. By January, 1950, the patient had 
gained 20 pounds, the basal metabolic rate was 
—10 per cent and serum cholesterol 290 mg. 
per cent. However, after tracer studies revealed 
a slight generalized retention over the superior 
mediastinum, and a forty-eight hour I"! urinary 
excretion of 70 per cent, she was given a third 
therapeutic dose of 85 millicuries. During the 
ensuing four months, she developed frank 
myxedema, the basal metabolic rate was — 31 
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per cent and serum cholesterol 310 mg. per cent. 
Desiccated thyroid was given and a mainte- 
nance dose of 2 grains daily has been continued. 
Roentgenological studies of the chest in Novem- 
ber, 1950, showed complete regression of the 
lung metastases and further reduction in the 
size of the mediastinal mass (Fig. 1B). These 
findings have not changed during the past three 
years. On two occasions, the most recent in 
October, 1952, the discontinuance of thyroid 
medication was followed by recurrence of myxe- 
dema. I'*! tracer studies failed to demonstrate 
any selective uptake. 


Comment. This patient is particularly 
interesting because there was, at the out- 
set, sufficient function in the metastases 
to warrant treatment without any stimula- 
tion. The patient has been followed for 
nearly five years without development of 
any new lesions or enlargement of the dor- 
mant mediastinal mass. 


Case u. K.K. (U.H. No. 606-891). A white 
female, aged sixty-nine, was first seen in March, 
1951. Her history dated back to January, 1951, 
when a chest roentgenogram revealed multiple 
round densities in both lungs. Physical examina- 
tion at that time revealed an adenomatous 


Fic. 3. Case u. Partially differentiated adenocar- 
cinoma of the thyroid with a papillary component 
(124). 
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Fic. 4. Case 1. (4) Chest roentgenogram 
showing numerous metastases in both 
lungs. (B) Chest roentgenogram 6 weeks 
after the normal thyroid tissue had been 
destroyed by I'. Note progression of 
metastases. (C) Chest roentgenogram 29 
months later showing complete regres- 
sion of metastases after therapeutic I’ 


goiter which the patient stated that she had 3). Aside from the evidence of previous surgery, 
had for twenty years. A thyroidectomy was and the multiple metastatic lung nodules by 
performed in February, 1951. The pathological roentgenogram (Fig. 44), the physical examina- 
diagnosis was partially differentiated adeno- tion and all the laboratory findings were nor- 
carcinoma with a papillary component (Fig. mal. 
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Fic. 5. Case 1. Poorly differentiated adenocar- 
cinoma of the thyroid with an occasional follicle 
(124). 


An I'*! tracer study revealed a forty-eight 
hour retention of 20 per cent in the region of 
the thyroid, but none over the metastases in 
the lungs. In March, 1951, the patient was 
given a therapeutic dose of 100 millicuries of 
radioactive iodine in order to destroy the re- 
maining normal thyroid tissue. Two months 
later a chest roentgenogram revealed progres- 
sive enlargement of the lung metastases, but 
tracer studies again failed to reveal any selec- 
tive uptake over the lungs (Fig. 4B). By June, 
1951, definite localization of a tracer dose of 
I's! was detected over the known metastases. 
In an attempt to enhance the anticipated thera- 
peutic response, the patient was given thioura- 
cil in doses of 0.4 gram every eight hours, but 
this medication was discontinued because signs 
of toxicity developed. In July, 1951, a second 
large dose of 100 millicuries of I'*! was given. 
The forty-eight hour urinary excretion was 55 
per cent. In October, 1951, the patient de- 
veloped symptoms of hypothyroidism and was 
given desiccated thyroid, being maintained on 2 
grains daily. Roentgenograms of the chest showed 
striking regression of the metastatic disease. 
In May, 1952, she complained of nervousness, 
palpation, loss of weight and heat intolerance. 
These symptoms disappeared after the thyroid 
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medication was discontinued. I"*! tracer studies 
revealed selective localization over the medi- 
astinum. Accordingly, she was given a third 
therapeutic dose of 100 millicuries in June, 
1952. On a subsequent follow-up visit in August, 
1952, the patient was myxedematous and was 
given desiccated thyroid. She was last seen in 
December, 1953. Roentgenogram of the chest 
at that time failed to reveal any evidence of 
metastatic carcinoma (Fig. 4C). 


Comment. This case is an example of me- 
tastases which did not function in the pres- 
ence of normal thyroid tissue. However, 
after ablation of the normal thyroid gland, 
the metastatic tumor was able to concen- 
trate iodine. It is interesting to note that the 
pulmonary metastases appeared to grow 
more rapidly after the remaining normal 
thyroid tissue had been destroyed, but 
actual evidence of selective I'*! uptake was 
delayed for a period of eight weeks. Of 
interest is the fact that the patient de- 
veloped symptoms of mild hyperthyroidism 
while receiving maintenance doses of desic- 
cated thyroid. This appeared to be indica- 
tive of recurrent function in the metastatic 
tumor in the mediastinum. 


Case ur. L.W. (U.H. No. 637-142). A white 
female, aged forty-three, was referred to us in 
November, 1952, with a mass in the occipital 
region and pain in the lumbar area and right 
pelvis. She had lost approximately 25 pounds in 
six months. A thyroidectomy had been per- 
formed in 1949 for a nontoxic nodular goiter 
which, on microscopic examination, proved to 
be a poorly differentiated adenocarcinoma (Fig. 
5). 

Physical examination revealed a soft, non- 
tender mass in the right occipital region meas- 
uring approximately 8 by 6 cm. Several small 
discrete nodules were present in the thyroid 
region just above the suprasternal notch. There 
were neurological changes consistent with par- 
tial spinal cord compression at the level of L-1. 
The remainder of the physical examination was 
negative. The basal metabolic rate was +2 
per cent and serum cholesterol was 190 mg. 
per cent. Roentgenograms revealed osteolytic 
metastases in the right occipital bone (Fig. 64) 
and in the wing of the right ilium (Fig. 74), in 
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Fic. 6. Case 11. (4) Skull roentgenogram 
prior to treatment showing osteolytic 
metastasis in right occipital bone. (B) 
Skull roentgenogram showing an increase 
in the size of the metastasis following 
total thyroidectomy. (C) Skull roent- 
genogram 10 months later showing heal- 
ing with sclerosis around the margins of 
the metastasis. 


addition to pathological compression fractures revealed a 3o per cent retention over the thyroid 
of the 11th and 12th dorsal vertebrae. region but no selective localization over the 
A tracer study with I! in November, 1952, metastatic bone lesions. A total thyroidectomy 
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Fic. 7. Case m1. (4) Roentgenogram of right ilium prior to treatment showing the osteolytic metastasis. (B) 
Roentgenogram of right ilium 14 months later showing partial healing by new bone formation at the 


periphery and throughout the lesion. 


Fic. 8. Case 1v. Partially differentiated adenocar- 
cinoma of the thyroid (124). 


was performed. Radioactive assay of the sur- 
gical specimen revealed I'*! in the normal 
thyroid tissue, but none in the carcinoma. In 
January, 1953, tracer studies demonstrated a 
slight but definite uptake over all three meta- 
static areas. The patient was given methyl 
mercaptoimidazole, 20 mg. every eight hours, 
but one month later the drug was discontinued 
because leukopenia had developed. 

I! tracer studies at this time revealed a 
forty-eight hour urinary excretion of 80 per 
cent. Thiouracil was given, 0.4 gram every 
eight hours, and six weeks later, in March, 
1953, only 20 per cent of a tracer dose of I'*! 
was excreted in the urine in forty-eight hours. 
All of the radioactivity was localized within 
the three metastases. Roentgenograms 
vealed progression | of these lesions, especially 
in the occipital region (Fig. 6B). A therapeutic 
dose of 100 millicuries of I’! was given in 
April, 1953. 

During the next four months there was 
regression of the neurological symptoms and 
pain in the right pelvis. The patient gained 10 
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pounds. The soft tissue mass over the skull 
metastasis had become more firm and the 
scalp over this area was epilated. Tracer studies 
with I*! in August, 1953, again revealed only 
a 20 per cent excretion of I"! in forty-eight 
hours, and the patient was given a second 
therapeutic dose of 150 millicuries. Roentgen- 
ograms made in January, 1954, demonstrated 
some healing of the metastases (Fig. 6C and 
7B). Clinically the patient exhibited signs of 
hypothyroidism. The basal metabolic rate was 
— 30 per cent and serum cholesterol was 310 
mg. per cent. Tracer studies indicated persist- 
ent uptake and the forty-eight hour urinary 
excretion of I'8! was 51 per cent. She was 
therefore given a third therapeutic dose of 175 
millicuries of 


Comment. This case demonstrates that a 
poorly differentiated adenocarcinoma can 
be made to concentrate iodine. It again 
illustrates the necessity of removing all 
normal thyroid tissue to enhance the func- 
tional capacity of metastases. The efficacy 
of using an antithyroid drug in an attempt 


Metastatic Carcinoma of the Thyroid 11$7 


to make the metastatic tumor more avid 
for iodine is well demonstrated. It is of in- 
terest to note that although the patient 
showed clinical evidence of hypothyroid- 
ism, the metastatic lesions were capable of 
concentrating most of the radioactive io- 
dine. 


Case tv. M.K. (U.H. No. 611-329). A white 
female, aged sixty, was referred to us in May, 
1951, with a firm mass over the left fronto- 
parietal region. She had lost 25 pounds and 
complained of weakness. A subtotal thyroidec- 
tomy had been performed in 1922 for a toxic 
goiter. In 1944, the goiter recurred. A diagnosis 
of carcinoma of the thyroid was made at sur- 
gical exploration at that time (Fig. 8). The 
patient was given intensive postoperative 
roentgen therapy. 

Significant physical findings included a hard, 
nontender, fixed globular mass measuring 
approximately 8 cm. in diameter in the left 
frontoparietal area; several stony-hard fixed 
nodules in the region of the thyroid; auricular 
fibrillation; warm, moist skin and a fine tremor 


Fic. 9. Case 1v. (4) Chest roentgenogram prior to treatment showing numerous lung metastases, mediastinal 
widening and tracheal deviation to the right. (B) Chest roentgenogram 22 months later showing almost 
complete disappearance of lung metastases. The widened mediastinum is also reduced in size. 
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of the hands. The basal metabolic rate was 
+36 per cent and the serum cholesterol was 
138 mg. per cent. Roentgenological studies of 
the chest revealed widening of the superior 
mediastinum, deviation of the trachea to the 
right, and metastatic tumor throughout both 
lungs (Fig. 94). Roentgenograms of the skull 
revealed the presence of a soft tissue mass 
containing “‘sun-ray” bony spiculation with 
destruction of the underlying calvarium (Fig. 
104 and 10B). The diagnosis of hyperthyroid- 
ism due to metastatic caricnoma of the thyroid 
was made on the basis of clinical findings. 

In May, 1951, I'*! tracer studies revealed a 
20 per cent urinary excretion of the dose in 
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Fic. 10. Case 1v. (4) Skull roentgenogram 
prior to treatment showing the metastasis 
in the frontoparietal region. (B) Tan- 
gential view of same lesion showing “‘sun- 
ray” bony spiculation. (C) Skull roent- 
genogram 22 months later showing heal- 
ing by new bone formation at the margin 
of the lesion. 


forty-eight hours. There was selective uptake 
over all known metastases. The skull lesion 
had approximately three times the radioac- 
tivity present over the region of the thyroid. 
In June, 1951, the patient was given 100 milli- 
curies of radioactive iodine and the forty-eight 
hour urinary excretion was 17 per cent. A 
tracer study two months later revealed 40 per 
cent of the I! in the urine in forty-eight hours 
and she was given a second large dose of 100 
millicuries of I! in September, 1951. In 
March, 1952, the patient was given a third 
large dose of I*!, after tracer studies indicated 
persistent uptake over the skull lesion and 
mediastinum. The forty-eight hour urinary 
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excretion of this dose was 53 per cent. During 
the next three months the patient developed 
myxedema. I"! tracer studies at this time 
failed to demonstrate any retention and the 
patient was given desiccated thyroid. Serial 
roentgenographic studies during the next year 
showed a gradual disappearance of the metastat- 
ic disease in the parenchyma of the lungs. The 
widened mediastinum also showed considerable 
reduction in size (Fig. 9B). Although the mass 
in the left frontoparietal region did not become 
smaller, roentgenograms revealed healing by 
peripheral new bone formation (Fig. 10C). Fol- 
lowing each treatment there was temporary 
epilation over the skull metastasis. In March, 
1953, the patient developed symptoms of 
respiratory obstruction. Direct laryngoscopy 
revealed metastatic tumor within the trachea. 
A tracheotomy was performed. Thyroid medi- 
cation was discontinued and tracer studies, 
eight weeks later, failed to reveal any significant 
retention of I! over the known sites of metas- 
tases. In November, 1953, I'*! studies demon- 
strated uptake over the superior mediastinum. 
The patient was given thiouracil, 0.4 gram 
every eight hours, in an attempt to increase 
the avidity of the tumor for iodine. However, 
six weeks later, the patient was admitted to 
the hospital because of acute respiratory dis- 
tress and died suddenly. At autopsy, a large 
pedunculated metastasis was found within the 
trachea which had obstructed the lower end 
of the tracheotomy tube. Histopathological 
examination of this tissue revealed a moderate- 
ly well differentiated adenocarcinoma with 
abundant colloid. 


Comment. This case represents a rare 
complication of metastatic carcinoma. This 
is hyperthyroidism due to hyperfunction- 
ing metastases. The diagnosis of hyper- 
thyroidism was clinically quite obvious. It 
is interesting to note that initially the pa- 
tient retained 83 per cent of the tracer dose. 
Following the administration of the first 
therapeutic dose of radioactive iodine, she 
experienced aggravation of her hyperthy- 
roidism. This was probably due to an in- 
crease in circulating thyroid hormones sec- 
ondary to destruction of the metastatic 
tumor. Although this patient showed a 
dramatic response to treatment, with 
marked regression of most of the metas- 
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tases, she eventually died of the disease. 
There appears to be no question that life 
was prolonged, and had it not been for the 
anatomical location of the tumor mass 
within the trachea, she might be alive to- 
day. 


DISCUSSION 


Because of the marked variation in the 
clinical course of patients with metastatic 
carcinoma of the thyroid, it is important 
to assure oneself that the therapeutic use 
of radioactive iodine is justified and with- 
out detriment to the over-all health of the 
individual. Whereas the ultimate goal in 
treating such patients is obviously the com- 
plete eradication of all tumor tissue, this 
aim is seldom, if ever, achieved. With radio- 
active iodine, however, one has the oppor- 
tunity in selected cases of delivering lethal 
radiation to widespread metastases and 
thus affording considerable palliation with 
relief of symptoms. 

Theoretically, every patient with meta- 
static thyroid carcinoma should be con- 
sidered a candidate for this type of therapy. 
In the light of present-day knowledge, how- 
ever, it appears that certain types of tumors 
are not amenable to radioactive iodine 
treatment. Those which are not amenable 
are the pure papillary adenocarcinomas, 
Hiirthle cell adenocarcinomas, solid adeno- 
carcinomas, and anaplastic carcinomas. Al- 
though there is evidence in the literature 
that some of these tumors have concen- 
trated tracer amounts of radioactive io- 
dine,'?* the authors do not know of a single 
case in which there was sufficient concentra- 
tion to warrant therapy with I'*!. One won- 
ders, therefore, whether it is justifiable to 
subject these patients to stimulatory meas- 
ures such as total ablation of the normal 
thyroid gland, followed by prolonged thi- 
ouracil treatment, when the expected over- 
all results will be poor. On the other hand, 
one must be reasonably certain that there 
will be little, if any, stimulus to growth 
which cannot be overcome by treatment 
with 

It is our feeling, therefore, that the use of 
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radioactive iodine should be restricted to 
those patients with metastatic carcinoma 
presenting histopathological evidence of 
follicle formation, for in this group one can 
anticipate adequate functional capacity to 
justify the therapeutic use of I'*!, Even in 
these types of tumor, there seems to be 
little correlation between the degree of dif- 
ferentiation and the ability to concentrate 
iodine, either initially or after stimulation. 
While it is logical to assume that the more 
differentiated cancers are likely to show 
greater avidity for iodine, there are some 
which cannot be induced to function. On 
the other hand, poorly differentiated tu- 
mors, with no initial uptake, can be made 
to concentrate most of a tracer dose, as was 
shown by Case 11. 

Not all patients who are amenable to 
treatment show a favorable response to 
therapy even though the metastases retain 
considerable amounts of radioactive iodine. 
One of the major reasons for failure is the 
lack of uniformity in functional capacity 
either within an isolated metastasis, or 
among separate metastases. In many in- 
stances, one can demonstrate an uneven 
distribution of I'*! with autoradiographs of 
the tumor. This is especially true in the 
mixed follicular and papillary carcinomas, 
where the collection of radioactive iodine 
is seen only within the follicular component. 
This uneven distribution of the isotope 
leaves a considerable amount of tumor tis- 
sue relatively unaffected because of the 
short range of the beta particle from ['*! in 
tissue. Not infrequently only one or two 
metastases will function. In some cases, 
after therapeutic I", previously dormant 
lesions will assume function, while in others 
they persistently fail to collect ['*'. 

The use of large doses of radioactive io- 
dine is not without its limitations in the 
treatment of this disease. As was mentioned 
earlier, some compromise must be made re- 
garding the amount of a single treatment 
dose which is relatively safe to the patient 
and yet adequate for therapeutic purposes. 
This compromise is essential if permanent 
radiation damage to vital tissues is to be 
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kept to a minimum. As one might antici- 
pate, the hematopoietic system appears to 
be especially vulnerable. Almost without 
exception, transient leukopenias develop 
following the administration of therapeutic 
I's! in doses of 100 to 200 millicuries. Al- 
though the lymphocytes appear to be most 
sensitive,” all of the cellular elements of 
the blood are affected.’ If larger amounts 
of I'*! are given, it is conceivable, therefore, 
that marked depressions of the hemato- 
poietic system might occur, especially in 
patients who have had previous therapeutic 
doses. 


SUMMARY 


Patients with metastatic carcinoma of 
the thyroid rarely show sufficient uptake 
of I"! to warrant its initial use therapeuti- 
cally. By ablating all the normal thyroid 
tissue and by administering large doses of 
antithyroid drug for several months, one 
can, in selected cases, increase the number 
of patients amenable to treatment with 
radioactive iodine. To illustrate some of 
the problems involved, four case reports 
are presented in detail. 

John P. Storaasli, M.D. 


2065 Adelbert Road 
Cleveland 6, Ohio 


ADDENDUM 


Since the writing of this paper, the 3 living 
patients (Case 1, 11 and 111) were seen in May, 
1955, with no change in their clinical course, all 
remaining symptom free. 
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SURGICAL AND RADIATION TREATMENT OF 
CARCINOMA OF THE BREAST 
A NEW CONCEPT 
By BERTRAM V. A. LOW-BEER, M.D.,* and H. GLENN BELL, M.D.+ 


SAN FRANCISCO, CALIFORNIA 


UCH clinical research of recent dec- 
ades is striking in its lack of historic 
considerations. This is particularly pro- 
nounced in clincal studies of breast cancer 
when one analyzes present day publica- 
tions in the perspective of reports published 
in the period between 1890 and 
William Stewart Halsted, the initiator of 
the currently most widely practiced ‘‘rad- 
ical mastectomy,” was motivated in ad- 
vocating his “‘complete method”’ solely by 
his and other contemporary surgeons’ con- 
cern over the high percentage of local recur- 
rences in and around the operative scar. 
These local recurrences were observed in 
60 per cent to 85 per cent of the patients 
operated upon by the method that is 
comparable to “‘simple’”’ mastectomy. Hal- 
sted’s aim in advocating the ‘‘complete 
method” of mastectomy is best expressed 
in his own words: ““The efficiency of an 
operation is measured truer in terms of 
local recurrence than the ultimate cure.’ 
Another historic oversight which occurs 
frequently in discussions regarding the 
radicality of present day surgical pro- 
cedures is the presumption that “supra- 
radical” procedures are strictly a recent 
development. Halsted’s radical mastec- 
tomy is often presented as though it 
ignored the supraclavicular the 
mediastinal lymph nodes. The actual fact 
is that as early as 1894 Halsted stated: 
“We now think it advisable to explore and 
clean out the supraclavicular region in 
almost every operable case.’* In _ his 
teachings a few years later (1898),° he 
emphasized the significance of the internal 
mammary lymph nodes as a drainage area 
of spread from breast cancer. While it may 


be true that the technical daring in the 
performance of Halsted’s radical mastec- 
tomy has been extended in recent years, 
there has been practically no new thought 
added to the concept of treatment of 
breast cancer for the past sixty years. 

Halsted recognized the potential fallacies 
of statistics when he said in 1907:° “It is 
especially true of breast cancer that the 
surgeon interested in furnishing the best 
statistics may in perfectly honorable ways 
provide them.” He lamented the fact that 
the survival of patients in five-year or even 
three-year terms, was not very much 
better in 1908 than it had been twenty 
years before. How timely this observation 
is when applied to the years 1935 and 
1955. 

Five-year disease-free survival has not 
been improved significantly in the past 
twenty years. The apparent improvement 
in survival figures is due to stricter selec- 
tion of patients for surgery by reason of 
arbitrary definition of operability, rather 
than to actual increased salvage of patients. 

The five-year survival landmark is valid 
(95 per cent) for most other malignant 
tumors (larynx, uterine cervix, lung, stom- 
ach, ovaries, kidneys) but has been proved 
conclusively not to be a valid yardstick for 
the evaluation of eradication of cancer of 
the breast. It is known that approximately 
20 per cent of the patients survive five 
years, and about § per cent surive ten 
years without any treatment. It is also an 
unquestionable fact that, of patients with 
Stage I carcinoma of the breast who are 
treated radically, 20+5 per cent are dead 
at five years, and 45+5 per cent are 
dead at ten years. It is obvious, therefore, 


* Deceased. Formerly Professor of Radiology, University of California School of Medicine, San Francisco, California. 
¢ Chairman, Department of Surgery, University of California School of Medicine, San Francisco, California. 
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that the five-year mark is entirely invalid 
and misleading as a criterion of eradica- 
tion of carcinoma of the breast. Moreover, 
there is no convincing evidence of signifi- 
cant difference in survival rates between 
“simple,” “radical,” and “‘supraradical” 
operations with or without preoperative or 
postoperative radiation therapy in the 
conventional dose ranges to the chest wall 
and to the areas of immediate regional 
spread. 

In the early days of roentgen therapy, 
postoperative irradiation of the chest wall 
and regional lymph node areas seemed to 
offer added possibility of reducing still 
further the incidence of local and regional 
recurrences. 

It is noteworthy that some effect of 
roentgen rays on cancer of the breast was 
noticed as early as 1896, when’ the first 
patient received such treatment, just 
two and one half months after the an- 
nouncement of the discovery of roentgen 
rays. Ever since, the question of the effec- 
tiveness of radiation therapy in the treat- 
ment of cancer of the breast has been the 
subject of lively debate. Ardent proponents 
and opponents can be found not only 
among prominent surgeons, but also among 
radiologists. Contentions reflecting all 
shades of opinion have been supported by 
statistical evidence showing, at one ex- 
treme, a significant increase in the five- 
year survival rate due to regional radiation 
therapy, and, at the other extreme, a 
deleterious effect of radiation therapy. It 
has even been claimed that, while in Stages 
11 and 111 postoperative irradiation is 
beneficial, in Stage 1 it has a deleterious 
effect on five-year survival. Such argu- 
ments forcibly bring into focus the follow- 
ing questions: 

1. Is it a correct concept in breast cancer 
to judge the effect of local irradiation of 
the operative field and of the first line of 
metastatic spread in terms of survival, or 
is it more correct to judge the effect of 
postoperative radiation therapy by the 
frequency of local recurrences in the 
irradiated regions? 
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2. Is there evidence that roentgen or 
gamma radiation is capable of destroying 
breast carcinoma cells in primary lesions, 
in lymph nodes, and in other sites? 

3. Is the dose commonly administered 
as a postoperative measure proved to be 
adequate to destroy breast cancer cells? 

In the light of historic considerations, 
the answer to the first question is rather 
obvious. Postoperative regional radiation 
therapy may be judged only by its inhibi- 
tive effect on latent local and regional 
recurrences. Local radiation therapy can- 
not be held responsible for failures which 
are due to distant metastases, particularly 
when local or regional recurrences are not 
present. Del Regato properly emphasizes 
that: “It is desirable that statistics on this 
subject be presented on the basis of the 
proportions of local recurrences in the post- 
operative irradiation and control groups.” 
Such statistics should be related also to the 
time elapsed between surgery and the 
commencement of radiation therapy. The 
term ‘“‘postoperative” radiation therapy 
is much too widely interpreted as meaning 
anywhere from a few days to many months 
after surgery. In our opinion, postopera- 
tive regional radiation therapy should be 
instituted not later than from eight to 
twelve days after surgery. 

The second question, i.e., whether there 
is evidence that roentgen or gamma rays 
are capable of destroying breast cancer 
cells, can be unequivocally answered in the 
affirmative. It is common experience that 
diminution and even complete healing of 
ulcerative lesions involving the breast, or 
complete eradication of individual skin 
nodules, and diminution or even destruc- 
tion of bone metastases can be achieved 
with irradiation. Evidence of the effective- 
ness of radiation therapy on lymph node 
metastases is accumulating in recent years. 

Since it is unquestionable that roentgen 
rays can affect and destroy breast cancer 
cells, there remains to be answered the 
third question, namely, whether the com- 
monly used dosage in postoperative radia- 
tion therapy is adequate to eradicate 
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cancer cells. This question must be an- 
swered in the negative with respect to 
dosages used by most radiation therapists. 
There is reliable evidence available that 
doses below 5,000 r (tissue dose) are not 
sufficient to destroy all cancer cells in a 
breast tumor. Histologic studies have 
shown persistence of apparently viable 
tumor cells even, in some cases, after 6,000 
r tissue doses. There are two points of 
possible criticism concerning such studies. 
One is that viability has been judged by 
morphologic appearance only, and that no 
studies have been made as to transplant- 
ability of irradiated cancer cells. Studies 
concerning “take” in the anterior chamber 
of a rabbit’s eye or in the oral pouch of a 
hamster would throw some light on this 
question. 

The second possible criticism is that the 
time between preoperative irradiation and 
surgical removal of the tumor has been too 
short in most instances. This point, too, 
warrants further study. In addition to the 
question of the total dose desired, the 
optimal total treatment time warrants 
more controlled studies than have been 
done in the past. 

Cancer of the breast should be curable if 
we could treat this disease while it is still 
localized to the breast. The widely held 
contention is that early diagnosis and early 
treatment are the clues to this problem. 
There is growing evidence, however, that 
even the anatomic finding of confinement 
of the lesion to the breast is proof neither 
of short duration of a tumor nor of its true 
confinement to the site of origin. One has 
merely to realize that approximately 45 
per cent of Stage 1 patients are dead of their 
disease by ten years, and that approxi- 
mately 78+5 per cent of patients of all 
stages are dead of the disease by ten years 
with any type of treatment. It is obvious 
that in most cases of breast carcinoma, the 
lesion has spread at the time of diagnosis 
and treatment far beyond the limits of the 
site of origin and even the confines of the 
regional lymph nodes. 

One further factor in Halsted’s advocacy 
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of his ““complete method” of surgery was 
his conviction that breast cancer spreads 
only by lymphatics. There is today no 
controversy on the question that the 
spread of breast cancer via vascular 
channels is common. Further, there is 
proof that spread is propagated not only 
by lymphatic permeation, but also by 
tumor cell emboli which are carried away via 
the lymphatic and vascular channels. 
M6rl® showed by injecting india ink into 
the breast that the ink reached the thoracic 
duct independent of the quadrant of the 
gland into which the ink was injected. In 
cases of Stages 1 and 11 (Steinthal), combi- 
nation of radical mastectomy with removal 
of the thoracic lymph duct showed metas- 
tases in the duct in 50 per cent of MGrl’s 
cases. 

Gil y Gi? contends that in Stage 1 
(Steinthal) he found, by routine sternal 
puncture examination, tumor cells in var- 
ious parts of this bone. He also points out 
that spread from the sternum may be 
propagated further by vascular as well as 
lymphatic channels. Halsted’s contention 
that the spread of breast cancer follows 
the lymphatic pathways has been un- 
equivocally refuted by Willis? who has 
shown frequent findings of microscopic 
penetration of capillaries and small vessels. 

McKinnon® pointed out that: “The 
blood-borne spread of remote metastases 
occurs very early in the vast majority of 
cases and before the primary lesion is 
detectable.” 

At the meeting of the American Radium 
Society in April, 1955, Lt. Col. Joseph H. 
Akeroyd presented further striking proof of 
the presence of single cell metastases in the 
bone marrow at distant sites from primary 
tumors, particularly of the breast. 

Goode and Martin’ state: ‘““We consider 
metastases to lung, bone, liver, brain, and 
some distant soft parts as blood-borne, 
and those to the operative scar, deep chest 
wall, lymph nodes of the neck and medi- 
astinum, and, rarely, extension to the 
opposite breast as lymphatic-borne. Using 
such a plan, the blood-borne metastases 
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outnumbered the lymph-borne 3:1 (43:17). 
A more thorough radical mastectomy 
might have helped some of the 17 patients 
who showed metastases via the lymphatics, 
but it is doubtful that the classical radical 
mastectomy could have prevented metas- 
tases in the 43 patients whose first evi- 
dence of metastatic disease was blood- 
borne.” 

In the same vein, McKinnon states:* “It 
is well recognized that the great majority of 
deaths from breast cancer, treated or un- 
treated, are due to remote metastases. Of 
the treated cases who later succumb to the 
disease, only a minority (20 to 30 per cent) 
show local or regional recurrences which 
could serve as continuing or recurring foci 
for dissemination of metastases. There is no 
evidence that, in this minority, death is 
longer postponed than in those who suc- 
cumb without local recurrence. Therefore, 
there is no evidence to suggest (except in 
isolated instances) that the local or regional 
recurrences actually serve as the distribu- 
tors for the remote metastases which cause 
the fatal outcome; their distribution would 
appear to have been earlier and from the 
primary lesion. In the majority, the 70 
per cent to 80 per cent who succumb with- 
out developing local recurrences, it is 
obvious that in most of these cases remote 
metastases must have been similarly dis- 
seminated from the primary lesion though 
they had not become manifest by the time 
of treatment.” 

Several other references could be quoted 
in addition to our own experience to bring 
forcefully into focus the fact that the 
existence of distant metastases 1s the problem 
in cancer of the breast, from the moment 
the tumor is first recognized. It is obvious, 
therefore, that in the treatment of cancer 
of the breast, when the aim 1s eradication 
of the disease, the problem is not whether 
simple mastectomy is preferable to radical 
mastectomy, nor how radical a radical 
mastectomy should be. Neither is it fruitful 
to argue as to whether preoperative irradia- 
tion is to be preferred to postoperative 
irradiation. Rather, it is essential to realize 
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that to limit treatment efforts to the 
primary lesion and to the first line of exten- 
sion, 1.e., axillary, mediastinal, subclavicu- 
lar and supraclavicular lymph nodes, is to 
espouse an entirely erroneous basic concept 
of treatment which is doomed to result in 
failure in 90 +3 per cent of the cases. 

At the University of California School of 
Medicine in San Francisco, we have been 
studying the problem of breast cancer in 
the light of the foregoing considerations 
since 1943. We have held, in our study of 
this problem, that primary treatment of 
cancer of the breast must be directed not 
only to the local area of involvement, but 
to any cancer tissue remote from the 
immediate region of involvement. It is of 
course imperative, we have argued, that 
the cancerocidal agent act with significant 
selectivity and without lasting damage to 
normal tissue. Our interest in radioactive 
isotopes led us to the consideration of 
radiophosphorus as a_ possible internal, 
selective, cancerocidal agent. oe 

The concentration of P*? in human breast el 
cancer was known by our 
studies and those of other investigators. ae 
The concentration of P* in breast cancer “% 
tissue varies from that of normal tissues by | 
ratios of as much as 20:1 (frequently 
10:1). The only exception is mucoid 
carcinoma of the breast, where the ratio 
rarely exceeds 2:1.* 

As early as 1941, P** was used by us and 
others in an attempt to control metastatic 
lesions from carcinoma of the breast. 
Despite the high selective concentration 
of P®? by breast cancer tissue, however, our 
efforts to eradicate or to arrest metastatic 
carcinoma by means of intravenous ad- 
ministration of P*® have resulted only in 
palliation of symptoms. The explanation 
for such limited effect, we believe, is the 
fact that when metastatic lesions are rela- 
tively large (greater than 0.1 to 0.5 mm.), 
the differential concentration of P® is still 
not such that a cancerocidal dose of radia- 


* Based on such differential concentration of P® in adeno- 
carcinoma, we have developed a method for preoperative diag- 
nosis of breast cancer. This method has been extended by other 
investigators to the diagnosis of testicular and ocular tumors. 
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tion can be delivered to the tumor without 
damage to normal tissues. 

In view of this experience and of the 
observed palliative effect of P* in far 
advanced cases of breast cancer, we con- 
sidered it possible that, if one were dealing 
not with advanced metastatic lesions, but 
with single, floating tumor cells or micro- 
scopic foci of metastases, P*? might prove 
to be an effective internal cancerocidal 
agent. 

In 1944 we decided to treat, in addition 
to some advanced cases, a few selected 
cases of Stages 11 and 11 cancer of the 
breast with large doses of P*? administered 
intravenously, postoperatively, in addition 
to local roentgen therapy. 

In 1947 the use of P® was virtually sus- 
pended because of concern regarding pos- 
sible late hematologic effects from internal 
irradiation. We had observed that all the 
patients with breast cancer treated with 
P® exhibited early transient depression of 
hematopoiesis. Over the next four years, 
periodic blood counts were made on all 
patients who had received P*. No un- 
toward late effects on hematopoiesis have 
been observed in any of the patients. We 
therefore concluded that the procedure is 
safe from the hematologic point of view, 
and in Ig9$1 a new, enlarged program for 
using P*? in the treatment of breast cancer 
was established. 

Prior to 1951 a total of 20 patients 
received a course of P** treatment. Fifteen 
of these patients had far advanced stages 
of the disease with extensive regional and 
distant metatases. (Today we would not 
consider such patients suitable for P* 
therapy, but rather for adrenalectomy or 
for pituitary ablation by surgery or proton 
beam irradiation.*) The remaining 8 pa- 
tients, to whom reference was made in a 
previous publication as Stage 11 and Stage 
II cases, warrant further scrutiny. Two had 
a course of P* therapy in conjunction with 


* Some authors (Friedell, Maxfield) continue ardently to ad- 
vocate P®? treatment in these far advanced cases. In our opinion, 
equally good palliative effect can be achieved in such cases with 
whole body external roentgen irradiation. 
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surgery for carcinoma of the second breast. 
We believe that these patients should be 
classified in the advanced group (Stage 
Iv). One patient (still alive at nine and one 
half years) who had a metastatic lesion at 
the time of P® therapy cannot be in- 
cluded in the original group. Of the remain- 
ing § patients, 1 with a Stage 11 lesion 
expired one year after treatment. She 
developed miliary carcinosis in the second 
month of pregnancy. Of the remaining 4 
patients, 1 with Stage m cancer has been 
well for nine and one half years; 2 with 
Stage 11 are alive and well ten and six 
and one half years after treatment, respec- 
tively; I patient with Stage mm of the 
disease, who has been alive and well for 
nine and one half years, is now suspected 
of having liver metastases. 

Since 1951 a total of 81 patients have 
been treated with P® in conjunction with 
surgery and regional roentgen irradiation: 
80 were females, 1 a male. In 55 patients, 
the primary lesion was located in the outer 
half; in 14 patients in the inner half; and in 
12 patients in and around the nipple. 
Seventy-five patients had radical mastec- 
tomy (classical); 7 patients had simple 
mastectomy. The postoperative staging 
was as follows: Stage 1—30; Stage 11—24; 
Stage 111—22; Stage 1v—s. 

Up to July, 1953 (22 patients), post- 
operative radiation treatment including 
P*? was not started before the eighth post- 
operative day. Also, until that date no 
Stage I cases were included. Since Sep- 
tember, 1953, all patients with carcinoma 
of the breast, including Stage 1, have been 
treated by surgery combined with internal 
and external radiation therapy. Since 
September, 1953, the first dose of P* has 
been administered while the patient is on 
the operating table, as soon as the defini- 
tive diagnosis is made from a frozen sec- 
tion. 

P® treatment consists of intravenous 
administration of from 20 to 30 microcuries 
P® (NasHPO,) per kilogram body weight, 
and is given at two to three day intervals 
until the “bone compartment” daily dose 
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reaches a level of 15 to 20 gm. r/gm.’ This 
dose level is usually reached in fourteen to 
twenty days and is maintained by addi- 
tional doses for another ten to twelve days. 
The cumulative dose is estimated to be 
around 800 to 1,000 gm. r/gm. in the bone 
compartment, and around 75 to 100 gm. 
r/gm. in the soft tisue compartment. The 
total dose in millicuries varies from 12 mc 
to 18 mc in approximately thirty days, de- 
pending upon the patient’s weight. 

Simultaneous roentgen treatment con- 
sists of irradiation of the axilla and the 
supraclavicular areas to a tissue dose of 
4,000 r delivered in thirty-five days, and of 
the mediastinum to a tissue dose of 3,000 
r to 3,500 r (calculated at 5 cm. depth) 
delivered in thirty to thirty-five days. In 
Stage I patients, roentgen treatment is 
limited at present to irradiation of the 
mediastinum alone. We are considering the 
possibility of extending treatment to in- 
clude the supraclavicular region in Stage 1 
also. The reason that our treatment dose 
has been in the 4,000 r range is that the 
highest radiation voltage available to us in 
the past five years has been 400 kv. With 
the availability of supervoltage radiation, 
we contemplate increasing the tissue dose 
appropriately. 

Of the 22 patients treated with surgery 
in conjunction with roentgen rays and 
P®? between July, 1951, and July, 1953, 5 
have died. Two were diagnosed as Stage 
ir and 3 as Stage 1. In 1 of the patients, 
the cause of death was not clarified because 
no autopsy could be obtained. The possibil- 
ity that this patient had developed a 
second primary tumor in the ovaries was 
considered. Of the 59 patients who were 
treated since July, 1953, 1 patient (Stage 
111) has died to this date. 

In every one of the 101 patients treated 
since 1941 with P*, we have observed 
marked depression of all blood elements by 
the end of the treatment course. Thrombo- 
cytopenia has been particularly marked, 
but without obvious bleeding tendency. 
Within four weeks after the conclusion of 
treatment, however, there is an almost 
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complete recovery of hematopoiesis. In 
the higher age group (above seventy) re- 
covery of the few patients observed had 
not been satisfactory. We believe that 
patients in this age group should be care- 
fully selected for P*? treatment. 

In only a few patients did supportive 
therapy seem advisable, more for the 
general ‘‘run down” state of the patient 
than for hematological reasons. These 
patients (4 patients in the past four years) 
have received transfusions. We place most 
of our patients on thyroid medication dur- 
ing radiation therapy. No other untoward 
effects than the temporary depression of 
the blood elements have been observed. 
The 5 patients who were treated in the 
first period of this study and are alive 
at present have normal blood counts. 

Obviously it would be altogether pre- 
mature to draw conclusions at this time 
with respect to the efficacy of our method of 
treatment. We do hope that survival 
results will be somewhat improved, not 
only in five-year but in ten-year evaluation 
terms as well. We realize that this treat- 
ment method cannot insure a 100 per cent 
cure rate for cancer of the breast. But even 
in the event that our hopes for this treat- 
ment method are not realized, our concept 
of treatment of breast cancer seems valid 
beyond question. The use of P® as an 
integral part of the therapy in this new 
approach to breast cancer treatment is 
well-founded. Until such time as a more 
selective and more specific agent than P* 
is found, we believe that every justification 
exists for a thorough exploration of its 
potentialities in the primary treatment of 
breast cancer. 

It is our earnest hope that other centers 
will underake to apply our method in as 
large a group of patients as possible in 
order to expand clinical experience and 
accumulate data more rapidly for final 
evaluation. 


University of California 
School of Medicine 
San Francisco, Calif. 
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FILM CALIBRATION OF A STRONTIUM 90 
BETA APPLICATOR* 


By A. B. FREITAG, W. A. GORE, M. A. GREENFIELD, and J. A. HARTMAN 


LOS ANGELES, CALIFORNIA 


WITH the increasing clinical use of beta- 

emitting radioisotopes there is appar- 
ent need for a simple, easily duplicated and 
inexpensive means of dosimetry. This is 
particularly true in the treatment of surface 
lesions by beta radiations. Several recent 
papers*:*5.6 attest to the usefulness of beta 
radiation in the treatment of ophthalmo- 
logic lesions. Sixteen patients at this hos- 
pital have been treated with the strontium 
go applicator, and although follow-ups have 
not been of sufficient duration to evaluate 
ultimate benefit, strontium go would ap- 
pear to be a valuable adjunct to radiation 
therapy, especially in the management of 
superficial eye lesions. It would be useful to 
have a simple technique to determine sur- 
face dose and distribution of depth dose in 
tissue. Such measurements have been made 
in the past largely by use of extrapolation 
chambers!’ which are excellent as primary 
standards but are not readily available in 
most hospital laboratories. However, it has 
recently been shown by Tochilin and 
Golden’ that is possible to obtain satisfac- 
tory measurements of both surface and 
depth doses by using roentgen film. Essen- 
tially they show that the same degree of 
darkening can be produced in a variety of 
film types from either 1 roentgen of gamma 
radiation (radium, cobalt, etc.) or from I 
roentgen equivalent physical of beta radia- 
tion, providing the maximum beta energy 
exceeds 2 mev. They found that film densi- 
ties varied by § per cent, or less, when the 
exposures were made alternatively by I r 
of gamma radiation and by 1 rep of beta 
radiation from strontium go. Fleeman and 
Frantz? found that for beta energies of 0.5 
to 1.4 mev. film response was proportional 


to the dose received and independent of the 
energy of the incident electrons. 


PROBLEM 


The problem was to calibrate the surface 
dose produced by a strontium go applicator 
capable of delivering approximately 40 rep 
betas per second to the eye when the ap- 
plicator is used in contact therapy. In ad- 
dition to the surface dose, some idea of the 
depth dose was desired. The manufacturer 
supplied both surface rate for contact ther- 
apy and a depth dose curve. The object of 
the work described in this paper was to de- 
termine whether a simple film technique 
could be devised which would be reasonably 
accurate and reproducible. Another impor- 
tant consideration was to devise a tech- 
nique which could be easily employed in a 
hospital without elaborate instrumentation 
or a large group of experienced scientists. 


METHOD 


This laboratory had available a cali- 
brated source* consisting of 75 curies of 
cobalt 60 which had been calibrated against 
300 mg. of radium, the latter having pre- 
viously been certified by the National Bur- 
eau of Standards. Eastman Kodak Trans- 
lite film was exposed to the cobalt 60 source 
for increasing time intervals and the degree 
of darkening was measured with a densi- 
tometer. The film darkening was plotted as 
abscissa and the cobalt 60 r as ordinate. To 
obtain the surface and depth dose a phan- 
tom was constructed consisting of a series 
of unexposed film and cleared film spacers 


* Courtesy of Atomic Energy Project, Medical Center, Uni- 
versity of California at Los Angeles, Los Angeles, California. 


* From the Wadsworth General Hospital, Veterans Administration Center, and the Department of Radiology and Atomic Energy 
Project, Medical Center, University of California at Los Angeles, Los Angeles, California. me ae 

A portion of the work in this paper was performed under Contract No. AT-04-1-GEN-12 between the Atomic Energy Commission 
and the University of California at Los Angeles, Los Angeles, California. 
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Fic. 1. Box for exposing film pack to strontium go 
applicator. (A, A’, A”) Slots for holding strontium 
applicator. (B) Metal film holder (plates separated 
for insertion of film pack). (C) Front plate of metal 
film holder. (D, E) Spring lever mechanism. (F) 
Adjustable lock nut. 


in sufficient number so that the entire 
thickness of the film pack would encompass 
the expected range of the betas emitted by 
strontium go. Spacer films were used to cut 
down the number of densitometer readings 
and 10 to 12 exposed films were found suf- 
ficient to obtain an accurate curve. The sur- 
face mass density of each film was obtained 
by weighing, and expressed as mg./cm.? 
Assuming tissue to have a density of I 
gm./cm.’, then 100 mg./cm.? was assumed 


to be the equivalent in depth to 1 mm. of 


tissue. In addition, the film pack was cov- 


Fic. 2. Assembled box for exposing film pack to 
strontium 90 applicator. 


JuNeE, 1956 


ered with two thicknesses of black paper to 
prevent light exposure. The effect of the 
paper in attenuating the beta rays was ac- 
counted for by an extrapolation procedure 
described later in this report. 

Film exposure was accomplished by the 
following means: A_ plywood box of 
18X6X7 cm. inside dimensions was con- 
structed and mounted on a board measur- 
ing 30X 14X18 cm. to serve as a base (Fig. 
1). Slots (labeled A, A’ and A”, Fig. 1) were 
made in one end to serve as a cradle for the 
applicator. Figure 2 is a photograph show- 
ing the applicator in position with the ac- 
tive end against the film pack in the holder 


TaBLe | 
RUN NO. I 
Film Optical Absorber 
Numter Density mg./cm.? Roentgens 
I §.18 11.8 1,020 
2 4.66 94.0 $31 
3 4.15 176 322 
3-05 258 190 
5 1.g0 34! 113 
6 .96 423 48.8 
7 505 29 
8 587 15.2 
9 -24 669 <10 
10 .20 752 <I0 


* The roentgen exposure was obtained by using Figure 4 with 
the appropriate optical density. 


(labeled B, Fig. 1). The metal film holder 
was constructed so that it could be moved 
freely along the inside of the wooden box. In 
the front panel (C, Fig. 1) of the film holder 
a window 3X4 cm. was made to permit un- 
obstructed contact of the film pack with the 
active end of the strontium go. In order to 
start the exposure at a given moment, a 
strip of lead previously placed between the 
active end of the applicator and the film 
pack is removed. Prompt contact between 
the source and the film, after removal of the 
lead strip, is assured by a spring-lever 
mechanism attached to the rear section of 
the metal film holder. When tripped, this 


mechanism, moving as a unit, permits rapid 
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contact between the film pack and the ac- 
tive end of the strontium go source. After 
completion of the film exposure, the lever 
attached to the holder can be quickly 
pulled backward for a distance of about 2 
cm. to permit rapid withdrawal of the 
strontium go source, thus preventing un- 
desired exposure of the film. 

Figure 1 is a labeled sketch of the box 
ready for loading with the film pack and the 
strontium 90 applicator, with a section of 
the side cut away to show details of the 
metal film holder. Figure 2 is a photograph 
of the box loaded with film, the strontium 
go source, and the protective lead shield in 
between. Figure 3 is an “exploded” view of 
the box and its individual parts with a 


Taste II 
RUN NO, 2 
Film Optical Absorber 
Number Density mg./cm.? Roentgens 
5.20 11.8 I ,O40 
4-72 94.0 $70 
3 4- 18 176 332 
3.07 258 
5 341 113 
6 I.14 423 63.0 
7 54 505 26.8 
32 587 13.9 
9 23 669 <10 
22 752 <Io 


* The roentgen exposure was obtained by using Figure 4 with 
the appropriate optical density. 


dummy applicator placed in the slots. Two 
sets of screw-washer lock-nut combina- 
tions are seen lying adjacent to the film 
holder and the box in Figure 3. These are 
labeled “F” in Figure 1, and are placed 
through the film holder and slots in the box 
to allow placement of the front plate of the 
metal film holder in any desired position. 


RESULTS 


The exposed calibration films and the ex- 
posed film packs were developed and proc- 
essed at the same time to avoid differences 
in optical density due to differing develop- 
ing conditions. Figure 4 is a calibration 
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Fic. 3. Exploded view showing parts 
of exposure box. 


curve for Eastman Kodak Translite film 
exposed to 75 curies of cobalt 60 gamma ra- 
diation. The ordinate gives r exposure from 
the known cobalt gamma radiation, and the 
abscissa gives the corresponding film den- 
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Fic. 4. Calibration of Eastman Kodak Translite film 


by exposure to a calibrated 75 curie source of co- 
balt 60. 
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Taste III 
Absorber Average Depth Dose 
mg./cm.? Percentage 
° 100 

100 53 

200 26 

300 12 

400 5.6 

500 

600 <1.0 


sity as read by an Ansco-Sweet color densi- 
tometer, Number 12. 

Film packs assembled in the manner pre- 
viously described were in contact with the 
active end of the strontium go applicator 
for 25 seconds. Tables 1 and 11 give the re- 
sults for the two runs in terms of optical 
densities versus the film mass traversed by 
the betas from the source. Table 11 gives 
the average depth dose percentage obtained 
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Fic. 5. Roentgen equivalent betas from 25 sec. con- 
tact exposure to strontium go beta applicator in 
phantom material (film pack) plotted as a function 
of depth in the film pack. 
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from the two runs versus the film mass 
traversed. 

Figure 5 is a plot of the roentgen expo- 
sure versus depth in the film pack ex- 
pressed as mg./cm.? This figure starts with 
the exposure to the first film after the betas 
have traversed two thicknesses of black 
paper, equivalent to 11.8 mg./cm.?=0.118 
mm. tissue. The surface dose is obtained by 
extrapolating the curve back to o mg./cm.” 
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Fic. 6. Depth dose distribution of roentgen equiva- 
lent beta radiation in phantom material due to 
contact exposure to strontium go beta applicator. 


Figure 6 is the same as Figure 5, but is ex- 
pressed as a per cent depth dose (assuming 
100 per cent for the contact dose). The sur- 
face dose rate is obtained by dividing 1,0g0 
r by 25 sec. = 43.6 r/sec. This is to be com- 
pared with the manufacturer’s value 
(Tracerlab, Inc.) of 41.7 rep/sec. These 
rates differ by approximately 4 per cent. 


CONCLUSIONS 
A simple film holder box can be used to 
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expose light-protected film packs to a 
strontium g0 beta applicator (approxi- 
mately 40 rep/sec.). Comparison of the op- 
tical densities produced by exposure to a 
known cobalt 60 gamma source enables a 
determination to be made of the surface 
dose rate and of the depth dose distribution 
in a phantom made of cleared film. These 
procedures may be utilized in any institu- 
tion with darkroom facilities and access to a 
standard gamma ray source, e¢.g., radium. 
An optical comparator or densitometer is 
required. Comparison of the results ob- 
tained photographically with those of the 
manufacturer obtained by means of an ex- 
trapolation chamber indicates the former 
method is capable of achieving agreement 
with § per cent of the latter. 


Dr. M. A. Greenfield 

Department of Radiology 

Medical Center 

University of California 
at Los Angeles 

Los Angeles 24, California 


The authors wish to express their thanks and 
appreciation to Mr. Louis Silverman of the 
Atomic Energy Project staff at U.C.L.A. for his 
calibration of the film with cobalt 60 source, to 
Miss Jeanne Larson, also of the Atomic Energy 
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staff at U.C.L.A., for her preparation of the 
figure, and to Dr. A. H. Dowdy for a critical 
review of the paper. 
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A METHOD FOR MONITORING BACKGROUND BY 


MEANS OF A STATISTICAL CONTROL CHART* 


By EUGENE L. SAENGER,} Major, Medical Corps, U.S.A.R., 
and 
CHARLES M. HERBERT, Private, Medical Corps, U.S.A.R. 


N ORDER to insure maximum efficiency 

of operation in the radioisotope labora- 
tory, daily monitoring and recording of the 
background is desirable. The background 
provides a ready check of the environment, 
reflects contamination, the presence of un- 
wanted sources of radiation, and indicates 
to some degree malfunction of counting 
equipment. Once standard background 
counting rates are determined for a given 
detector, variation in these counting rates 
must be explained in order to insure suit- 
able conditions of operation and in order to 
maintain statistical accuracy of measure- 
ment. 

The purpose of this paper is to describe 
a simple chart for the control of changes in 
background by immediate visual analysis 
of the data. When the background in- 
creases either gradually or suddenly, often 
this variation is not reported for considera- 
tion of its causes. The persistence of such 
changes subsequently casts doubt on the 
validity of the data and only increases the 
error of the observations. The presence of 
the background count increases the error, 


y, of a counting rate determination 
(N,—N,) as shown by the relation 


y= (Qv2+ Qu)!" 


where 9 is the error in each of the counting 
rates, N, is the counting rate of the sample 
and N, is the counting rate of the back- 
ground.’ It is, therefore, desirable that the 
term Qy, be kept minimal. If the back- 
ground counting rate decreases under 
standard operating conditions, one should 
consider malfunction of the detector since 
such a change is indicative of a loss in 
efficiency of the counter. 

The method for evaluation of back- 


ground control is patterned after the well 
known quality control charts used in in- 
dustry and described in many standard sta- 
tistical texts.! Such a chart gives an im- 
mediate indication of change in_ back- 
ground (Fig. 1). 


METHOD 


For a given counter, background count- 
ing rates are determined once or twice daily 
until 30 or more measurements have been 
collected over a period of several weeks. 
The resulting data should represent normal 
variation of both background counting rate 
and counter operating characteristics. 
These data should be normally distrib- 
uted and exhibit no tendency toward re- 
gression; 7.e., no trend toward increase or 
decrease should be found in relation to 
time. With these two conditions fulfilled 
the data then form the basis on which fu- 
ture background count rates and their 
variation can be predicted. 

The mean, variance, standard deviation, 
and gs per cent confidence limits (upper 
and lower control limits) are then calcu- 
lated in the conventional manner. An ex- 
ample of these calculations is presented: 


Actual observed daily background counts 
during one month period 


Nal scintillation counter (2 in. well type crystal) 
with 4 inches Pb shielding 


301 283 291 294 
281 300 305 2g0 288) 273) 303 303 
306 296 283. 280 BOS 297 
290 291 291 287 284 294 #290 


Total number of observations = N= 31. 
Sum of individual counting rates, x, = 2x = 8998 
Sum of squares of individual counting rates 


* From the Radioisotope Unit, Radiology Service, Brooke Army Hospital, Brooke Army Medical Center, Fort Sam Houston, Texas. 


t Chief, Radioisotope Unit, Brooke Army Hospital, Brooke Army Medical Center, Fort Sam Houston, Texas. 
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BACKGROUND COUNTS 
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Fic. 1. Background control chart for two counters during a period of eight months. The upper two control 
charts show the values for a gamma Geiger-Miiller detector and the effect of change of shielding for this 
counter in the month of September (see arrow). The lower control chart shows the values for a scintillation 


cup counter. 


>, x? =2,615,258 


The variance s? is calculated from the equation: 


N 
In this case 
(8aa8)? 
2,615,258 
3516 
30 30 


The standard deviation 


The mean, 


The 95 per cent confidence (control) limit for 
these purposes is equal to 


M+2s=290.3+2(10.8) 


Upper control limit (UCL) = 311.9 
Lower control limit (LCL) = 268.7 


A control chart is then constructed with 
three mutually parallel straight lines repre- 
senting the mean and the upper and lower 
control limits. The ordinate of the chart 
gives the counting rate in counts per min- 
ute or counts per second. The abscissa is 
expressed in units of time, usually days. 
Each day the background counting rate 
can be plotted quickly by the technician 
and trends or changes in background can 
be assessed immediately. 


DISCUSSION 


The 95 per cent control limits were 
chosen as the most reasonable values to 
insure accuracy of radioisotope measure- 
ment. If a single value falls outside these 
limits, there is approximately one chance 
in twenty that this event could occur by 
chance alone; therefore a second determi- 
nation should be conducted to eliminate the 
possibility of random variation. If there is 
a trend in these data going above the upper 
control limit, some continuous change of 
background has occurred which can usually 
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be traced to contamination of apparatus or 
the presence of high energy sources in the 
immediate area. It should occasionally be 
possible to detect the effect of fall-out from 
nuclear weapon tests. 

When shielding or other operating con- 
ditions are changed, these facts should be 
noted directly on the chart as they will 
change the mean background value and the 
associated control limits. If a standard 
source is used to check each instrument at 
frequent intervals, a similar control chart 
can be prepared to record these data. 


SUMMARY 


A simple control chart for the recording 
and interpretation of routine background 


Eugene L. Saenger and Charles M. Herbert 


JUNE, 1956 


counts in the radioisotope laboratory is de- 
scribed. Such a chart has been found useful 
in the control of error of counting tech- 
niques and improves accuracy and confi- 
dence in measurement of radioisotopes. 


Eugene L. Saenger, M.D. 
Radioisotope Laboratory 
Cincinnati General Hospital 
Cincinnati 29, Ohio 
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AN EXPERIMENT DESIGNED TO TEST THE VALIDITY 
OF THE CURRENT PRACTICE OF USING SINGLE 
EXPOSURE DATA TO CALCULATE MAXIMUM 
PERMISSIBLE CONCENTRATION IN WATER 
FOR CONTINUOUS EXPOSURE TO 
RADIOISOTOPES 


By MARY JANE COOK and KARL Z. MORGAN 
Health Physics Division, Oak Ridge National Laboratory 


OAK RIDGE, TENNESSEE 


and 


ARTHUR G. BARKOW 
Department of Physics, Marquette University 
MILWAUKEE, WISCONSIN 


PROBLEM of Health Physics is to es- 
tablish values of maximum permissible 
body burden for radioisotopes and the cor- 
responding maximum permissible concen- 
trations of the radioisotopes in water and 
in air. Human exposure data would provide 
more reliable values than animal data, but 
other than data from a few terminal pa- 
tients (leukemia, cancer, etc.) and a few 
accidental exposures, these data are non- 
existent; therefore, most estimates of max- 
imum permissible values for human ex- 
posure must be based on animal exposure 
data. In most experiments animals were 
given a single dose of the radioisotope and 
were sacrificed at specific intervals with the 
purpose of establishing a distribution pat- 
tern of the element in the body. Almost 
without exception the experiments were not 
designed specifically for the purpose of es- 
tablishing these maximum permissible val- 
ues. For establishing these values data are 
preferred in which a large number of ani- 
mals have been exposed continuously to a 
fixed concentration of radioactive contam- 
ination in water or in air. If data of this 
type were available it would be possible to 
determine directly the concentrations for 
continuous exposure of radioisotopes in 
water or in air that would deliver a dose of 
not more than 0.3 rem per week to the 
critical organ. 
Since continuous exposure data are not 
available, equations have been derived to 


calculate from single exposure data the 
maximum permissible body burdens and 
the maximum permissible concentrations in 
water and in air for continuous exposure. 
These equations have been used in the 
United States National Bureau of Stand- 
ards Handbook 52 on permissible internal 
dose’® and in other publications.** The 
British and Canadian committees on per- 
missible internal dose have derived values 
for many of the radioisotopes; however, 
some discrepancies have arisen due to dif- 
ferences in assumptions and in choice of 
data. 

Any radioisotope could have been chosen 
to accomplish the primary objective of test- 
ing the validity of the fundamental assump- 
tions made in recent publications®:*!° in 
which single exposure data were used to cal- 
culate values for continuous exposure; 
however, in the selection of Co two addi- 
tional objectives might be accomplished. 
The second objective was to establish 
which organ for Co® should be considered 
the critical organ of the body. Handbook 
52!° lists the liver and the spleen as the first 
and second choices, respectively. In the 
“Recommendations of the International 
Commission on Radiological Protection’”® 
of January, 1951, the liver is suggested as 
the critical organ, but in the report pub- 
lished in 1955° by this committee the first 
and second choices respectively are the 
lower large intestine of the gastrointestinal 
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Fic. 1. A typical calibration check of a 100 per cent 
high pressure ion chamber showing 5 of the 20 
standards. A check of this type was made every 
month during the entire study. 
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tract and the liver. The third purpose was 
to resolve the wide discrepancies between 
the values given in Handbook 52!° and in 
the International Report’ relative to the 
per cent retention of ingested Co®° in the 
liver and the effective half-life in the liver. 
The values given by these two publications 
are 0.4 per cent with an effective half-life of 
8.4 days and Ioo per cent with an effective 
half-life of 20 days, respectively. Another 
reason for selecting Co® was that some in- 
formation was available on the metabolism 
of cobalt!~‘ and the principal concentration 
centers in the body were already estab- 
lished so that it was not necessary to ana- 
lyze each organ. 


PROCEDURE AND EQUIPMENT 


Male and female C-57 strain mice were 
divided at random into three principal 
groups and all were given Co* as the 
chloride. In the first two groups each 
mouse was given a single dose by means of 
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a stomach tube. Each mouse in the first 
group was given o.$ ml. of solution which 
contained 7.2 wc. and in the second group 
each mouse was given 0.5 ml. of solution 
which contained 32.7 uc. At specified times 
10 mice from each group were sacrificed. 
These two groups were treated identically 
except for the amount of Co". 

The value in Handbook 52, 2X 10~* ue. 
Co®/ml., has been estimated to result in a 
dose rate of 0.3 rep per week to the liver 
after extended use of contaminated water. 
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Fic. 2. Variation in a 7.2 wc. dose administered 
to a group of 10 mice. 
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Fic. 3. Distribution of Co® in the various organs as a function of time after ingestion. 
Data from both groups are combined to give the indicated curves. 


On this basis the drinking water of the 
third group contained 2.25X10~* uc. 
Co®/ml. The water was present in the 
cage at all times in order that the mice 
might drink ad /ibitum. Over the nine 
weeks these mice were sacrificed—to at a 
time—at specified time intervals. 

To calibrate the high pressure ionization 
chamber® 20 standards of Co", activity 
ranging from 0.075 to 960 microcuries, were 
used. All readings obtained were corrected 


for nonlinearity of ion current by the 
method of Jones and Overman.’ A typical 
recording of a calibration check using 5 of 
the original standards is shown in Figure 1. 
During the course of the experiment the 
background remained at approximately 18 
millivolts which corresponds to a tissue 
sample containing 0.021 yc. of Co. 

Since one-half milliliter doses were pi- 
petted by hand and oftentimes the mouse 
becomes unruly when given a stomach 
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Taste I 
PER CENT OF ADMINISTERED DOSE IN ORGANS OF MICE FOLLOWING A SINGLE EXPOSURE 
Group 1—Single Dose of 7.2 uc. 

. | Total Body 
Time of Gastrointestinal | minus Gastro- 
per ifice Liver Spleen Kidney Total Body Tract+ intestinal 
(%) (%) (%) (%) Contents Tract+ 

(%) Contents 

(day | (%) 

3 1.89+0.73 0.017 | 0.225 63.8 +20.7 
z 0.87+0.36 | Background 0.110 6.6 + 2.4 
I 1.g0+0.88 | Background | 0.177 6.3 £ 3:5 
2 1.87+0.09 Background | 0.125 £40 0.4574 0.2 3-60+1.97 
3 1.31+0.84 | Background | 0.111 2.9 + 0.9 
4 0.58+0.23 Background | 0.056 1.2 + 1.0 
¥ 0.42+0.17 | Background | 0.033 0.7 + 0.3 
14 0.37+0.16 | Background | 0.028 0.7 + 0.3 | 
21 0.14 +0.05 Background | 0.010 | 
28 0.09+0.06 | Background 0.011 0.3 0.1 

Group 2—Single Dose of 32.7 ue. 
1 1.42+0.7 | 0.006 0.126 60.8 +21.7 | 52.9 +20.7 7.93+6.3 
1.71+0.65 | 0.010 0.123 6.57+ 4.6 $.0 £1.3 
I 1.23+0.64 Background | 0.092 4.324 1.9 2.36+1.0 
2 1.25 +0. 37 0.004 0.102 
3 0.87+0.2 0.004 0.065 1.99+ 0.5 0.44 + 0.1 3.9 £0.4 
4 0.52+0.22 Background | 0.043 1.03+ 0.5 0.10 + 0.04] 0.9 +0.4 
0.§§+0.12 0.002 0.034 0.98+ 0.3 
14 0.3440.1 Background | 0.022 0.60+ 0.2 0.03 + 0.01 | 0.6 +0.15 
21 0.16+0.15 | Background | 0.013 0.32+ 0.1 
28 0.09+0.07 Background | 0.009 0.20+ O.1 


tube, the dose was checked immediately by 
placing the live mouse in a lusteroid tube 
and lowering it into the chamber. A typical 
reading of 10 individual mice in one group 
is given in Figure 2 which indicates in this 
case that the intended dose of 7.2 yc. did 
not vary more than+ § per cent. 

The animals were sacrificed and weighed 
in tared lusteroid tubes. After weighing and 
prior to dissection each tube containing a 
mouse was placed in the pressure chamber 
and readings for the total body burden were 
obtained. 

Since disagreement exists as to the 
critical organ for Co, the chosen organs 
were the spleen, liver, kidneys, and the 
gastrointestinal tract with contents. Each 
organ was weighed in tared lusteroid tubes 
and the number of microcuries per organ 


was obtained in like manner as for the total 
body. If the amount of Co® in a single or- 
gan was too small to be determined, all 10 
like organs, 7.e., 10 livers, 10 spleens, 10 
pairs of kidneys or 10 gastrointestinal 
tracts, were combined to obtain a reading. 


RESULTS OF THE EXPERIMENT 


The results of the single exposure experi- 
ments are given in Table 1 and are plotted 
in Figure 3. Each point for the total body, 
liver and gastrointestinal tract with con- 
tents represents the average of Io readings 
of the per cent of administered dose in the 
organ. Each point for the spleen and kid- 
neys represents the average reading ob- 
tained from a single observation on 10 
spleens or 10 pairs of kidneys. 

The large amount of stable cobalt pres- 
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ent with the Co® was such that the dose of 
32.7 wc. corresponded to 6.6 yg. of cobalt. 
The amount of cobalt normally present in 
the daily food and water intake of a mouse 
is unknown. However, if 6.6 wg. were far in 
excess of the normal daily consumption of 
cobalt it was possible that a smaller per 
cent of the 32.7 uc. dose would be retained 
than of the 7.2 wc. dose. Nevertheless, this 
was not the case as no consistent nor signifi- 
cant difference existed in the distribution 
pattern of Co in the mice which received 
7.2 wc. and in those which received 32.7 uc. 
This would seem to indicate that the 
amount did not interfere seriously with the 
metabolism of cobalt. 

As indicated previously the first objec- 
tive of this experiment was to test the va- 
lidity of using single exposure data to cal- 
culate the maximum permissible values for 
continuous exposure. In making these cal- 
culations it was assumed that the radio- 
active material is taken into the body con- 
tinuously at the rate of P uc. per day and 
that it is eliminated exponentially. This re- 
lation is expressed by the equations, 


fs 
=P (Eq. 1) 
at 
— p—0.693t/T 


in which 
q=uc. in total body 
gf2= uc. in the organ studied 
P=rate of uptake by the organ (uc./day) 
=CR 
C=concentration of radioisotope in water 
(2.25 X 107? wc. Co™®/ml.) 
R=rate of water intake (2 ml./day in this 
experiment) 
f,,= fraction of the radioisotope that reaches 
the organ after ingestion. 
\=effective coefficient of decay (A=A,+ 2.) 
in days~! 
\,=radioactive coefficient of decay 
= biological coefficient of elimination 
t=period of exposure (days) 
T=effective half-life =0.693/\ (days) 


The values of f,. for each organ and for the 
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total body are found by extending the 
straight portion of the appropriate curve in 
Figure 3 to intersect the zero time axis. 
This intercept is the hypothetical amount 
of Co® which would be in the organ at time 
zero if it went immediately to the organ and 
elimination started at once and followed a 
single exponential decay curve. Since Co" 
was administered to Groups 1 and 2 mice 
by stomach tube, all was initially in the 
gastrointestinal tract; therefore, with the 
exception of the gastrointestinal tract zero 
amount of Co was in the organs at time 
zero. The amount in the organs other than 
the gastrointestinal tract builds up to a 
maximum after which it decreases follow- 
ing a curve which is the sum of several ex- 
ponential decay curves. In this experiment 
all curves straightened out into a single 
exponential decay curve after about the 
fifth day. The area under each of the experi- 
mental curves in Figure 3 is proportional 
to the total dose received by the organ and 
this area and dose are considered to be ap- 
proximated by the area under the straight 
line extension of the experimental curve. 
The values of f,, for the total body (without 
the gastrointestinal tract and contents), 
liver, kidneys and spleen are 0.015, 0.007, 
0.00063 and 0.000043, respectively. In the 
case of the gastrointestinal tract with con- 
tents the curve begins at 100 per cent and 
the value of /,,= 1.00—0.01§ or 0.985. 

The time in which 50 per cent of the de- 
posited isotope is eliminated is called the 
effective half-life, which in Figure 3 is the 
time required for the straight portion of the 
curve to drop $0 per cent. Eight hours after 
the Co was administered over 60 per cent 
remained in the total body and of this 60 
per cent about go per cent was in the gas- 
trointestinal tract and its contents. This 
amount decreased rapidly so that by the 
fifth day about 1 per cent remained in the 
total body and less than Io per cent of this 
was in the gastrointestinal tract. The effec- 
tive half-life of the contents of the gastro- 
intestinal tract is about 0.25 days, but for 
the liver, and total body (without gastro- 
intestinal tract) the value of T is 9.5+2 
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Fic. 4. Relation between the amount of Co in wc. found in the organs on continuous exposure and the 
amount present based on calculations using Equation 2. The solid lines represent results computed by in- 
serting values of f,, (Fig. 3) for various organs in Equation 2. 


days. The probable errors were so large in 
the case of the spleen, kidneys and gastro- 
intestinal tract (without contents) that T 
could deviate considerably from the above 
value of 9.5 days; nevertheless, it is inter- 
esting to note that in this work there is no 
evidence that T differs in any of the organs 
studied. 

In Figure 4 are presented both the ex- 
perimental points from the continuous ex- 
posure experiments (Group 3 mice) and the 
curves calculated by substituting the single 
exposure values of f, and T in Equation 2. 


The experimental data for the continuous 
exposure are given in Table 11. 

The continuous exposure curves calcu- 
lated from single exposure data, show that 
after 63 days exposure only 0.000026 uc. or 
about one-tenth of 1 per cent of Co in the 
total body is deposited in the spleen. Since 
the lowest reading obtainable with the 
high pressure ionization chamber was about 
0.002 ywc., the 10 spleens combined would 
not be expected to give a reading. This 
proved to be the case since no data could 
be obtained for the spleens in the contin- 
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uous exposure experiment. The continuous 
exposure data that are plotted in Figure 4 
for the total body, kidney, liver, gastroin- 
testinal tract plus contents are in agree- 
ment within the limits of error with the 
values calculated from the single exposure 
data and substantiate the current practice 
of calculating the maximum permissible 
values from single exposure data. The 
greatest deviation occurred in the case of 
the liver where there was a difference of a 
factor of two. Some of this deviation may 
be the result of a faster elimination of co- 
balt from the liver after extended expo- 
sure. The plausibility of this explanation is 
supported by the fact that /:, the fraction 
of Co® in the liver of that in the total body 
drops from 0.47 for single exposure to 0.33 
for continuous exposure (see Table 111). 

The second objective was to determine 
the critical organ of the body. The liver is 
recommended as the first choice in Hand- 
book 52 and in the 1951 report by the In- 
ternational Commission, but in the 1955 
report by the International Commission 
the gastrointestinal tract is considered to 
be the critical organ. The maximum per- 


missible concentration in water is 2X 107° 
uc./ml. and ywe./ml. for the liver 
and the gastrointestinal tract, respectively, 
indicating that the gastrointestinal tract is 
more critical by a factor of 50. In this ex- 
periment the data (see appendices) are in 
agreement with these two values of maxi- 
mum permissible concentration. 

The area under the experimental curve 
(Fig. 3) for the gastrointestinal tract with 
contents is about five times the area under 
the curve for the liver. This value agrees 
approximately with the ratio of the areas 
under the curve through the experimental 
continuous exposure data plotted in Fig- 
ure 4 for the gastrointestinal tract with 
contents and the liver. The single exposure 
data (the curves of Figure 4) and the con- 
tinuous exposure data (the points plotted 
in Figure 4) were divided by the mass of the 
organs giving the concentration of Co" per 
gram of organ. These values are plotted in 
Figure 5 and again satisfactory agreement 


is obtained. From the saturation values of 


the calculated curves of concentration in 
the gastrointestinal tract with the con- 
tents and in the liver, a ratio of 1.7 is ob- 


TasB_e II 


AMOUNT OF COBALT-60 DEPOSITED IN ORGANS AS A RESULT OF CONTINUOUS EXPOSURE TO DRINKING 
WATER CONTAINING 0.0225 uc. WATER 


Time of | Gastro- Total Body 
Liver Spleen | Kidneys Total Body | 
Exposure (uc.) (uc.) | (uc.) (uc.) Contents Tract+ 
(days) | (uc.) Contents (uc.) 

I fe) | fe) fe) | ©.00§8 +0.0014 0.0070 fe) 

2 | 0.0189 +0.0044 | 0.018 0.0009 

3 | 0.00055 ° ° | 0.0235 +0.0045 0.0220 ©.001§ 

4 0.00036 ° 0.0001 0.013 +0.0074 0.0105 0.0105 

5 0.00045 | fe) fe) 0.00g +0.0025 0.0060 0.0030 

6 | 0.00045 | ° ° 0.011 +0.0031 | 0.0105 0.0005 

7 | ©.00105 ° | 0.0319 +0.0102 | 0.0177 0.0142 

14 | 0.0023 | fe) 0.0009 | 0.029 +0.007 | 

| 0,00239 | fe) 0.00029 | 0.028 +0.0088 | | 0.0129 

28 0.0024 fe) fe) | 0.0297 +0.0077 | 

35 0.002 fe) 0.00045 | 0.0394 +0.0083 | 

42 ©.0025 ° | ©.000§7 | 0.0358 +0.0083 

49 0.0028 fe) 0.00080 | 0.0412 +0.01 0.0300 O.O112 

56 0.00308 0.00057 0.0321g+0.005 0.0217 0.00999 

63 0.00285 | o 0.00057 0.02361+0.0062 0.0160 (0.00761 
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Fic. 5. Relation between the amount of Co in uc. per gram found in the various organs based on 
continuous exposure and the amount computed from single exposure data. 


tained. If the comparison is made on the 
basis of the continuous exposure data the 
ratio is about 3. This ratio indicates that if 
the Co® were distributed uniformly in the 
two organs and if the gamma radiation lost 
the same fraction of energy per disintegra- 
tion in each organ for a given concentration 
of Co® in the drinking water, the dose to 
the gastrointestinal tract would be from 1.7 
to 3 times that to the liver. If one corrects 
this factor for the fact that most of the 
time while in the body the radioactive con- 
tents are in a small portion of the gastroin- 
testinal tract (and for other refinements— 
see Appendix 11), the dose to the critical 
portion of the gastrointestinal tract is 27 
to 47 times that to the liver. This value 
checks with the calculated factor of 50 in 
the 1955 report of the International Com- 
mission.°® 

A most striking observation is the large 
fraction of administered Co which local- 


izes in the liver. Five days after adminis- 
tering the dose and for the remainder of the 
experiment, about 50 per cent of all the 
administered Co® remaining in the body 
continued to be in the liver. Figure 5 in- 
dicates that the concentration decreases in 
the following order: gastrointestinal tract 
with contents, liver, kidneys, and the rest 
of the body. 

The third objective of this experiment 
was to eliminate the discrepancies between 
“Recommendations of the International 
Commission of Radiological Protection’”® 
(January, 1951), in which f,,=1.00 and 
T=20 days for Co® in the liver and the 
values given in Handbook 52!° (March, 
1953), in which f,, =0.004 and T= 8.4 days. 
In this experiment the single exposure val- 
ues are /,,=0.007+0.002 and T=9.5+2 
days. Since the single exposure data check 
rather closely the values of Handbook 52, the 
1955 report of the International Commis- 
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sion of Radiological Protection reported the 
values of f,, and T as given in Handbook 52. 

The continuous exposure data may indi- 
cate even closer agreement with Handbook 
52 than the single exposure data. The value 
of q fe, the uc. in the human liver that will 
result in a dose rate of 0.3 rad./wk., is fixed 
at 2 wc. (see Equation 3, Appendix 1) by 
the mass of the liver (= 1,700 gm.) and the 
effective energy per disintegration (=0.72 
mev.). Substituting in Equation 2 values of 
q permissible concentration 
C=1.4X10~ ye./ml. (see Appendix 1) and 
the rate of water consumption R= 2,200 
ml./day, it follows that the product 
/.T =0.045 for continuous exposure. If one 
rather arbitrarily sets T7=8.4 days then 
f,=0.005. 

Cobalt-60 data should be listed in the 
handbooks for both the gastrointestinal 
tract and the liver. If a high value of Co® 
were to be found in the excreta of a person 
in a routine program of monitoring, this 
person would be removed from further in- 
take of Co® for a few weeks and analyses 
made of daily samples. As indicated in Fig- 
ure 3, after the fifth day the elimination is 
primarily from the liver and further moni- 
toring should be made on the basis of the 
liver as the organ of interest. 


CONCLUSION 


1. Single exposure data can be used to 
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obtain approximate maximum permissible 
values for continuous exposure. 

2. By measurement of the area under the 
curves in Figure 3 and by the ratio of the 
equilibrium values in Figure 4, the amount 
of Co® in the gastrointestinal tract and its 
contents is found to be about 5 times that 
in the liver. Figure 5 indicates that the con- 
centration in the gastrointestinal tract plus 
contents is I.7 to 3 times that of the liver 
under equilibrium conditions. The concen- 
tration of Co® in the liver is greater than 
that in the kidneys and the concentration 
of Co® in the spleen and other body tissues 
is negligible (10 per cent or less of that in 
the liver). 

3. The gastrointestinal tract should be 
taken as the first choice and the liver as the 
second choice for the critical body organ 
receiving the greatest radiation dose from 
ingested Co®, 

4. The ingested fraction of Co™ retained 
in the liver is 0.007+0.002 for the single 
exposure experiment and may be as low as 
0.005 for the continuous exposure experi- 
ment. 

5. Five days after a single oral dose of 
Co®, the elimination rate follows an ex- 
ponential decay which corresponds to an 
effective half-life of 9.5 +2 days in the liver 
and the total body minus the gastrointes- 
tinal tract. In the continuous exposure ex- 
periment the effective half-life may be 


Taste III 


COMPARATIVE SUMMARY OF MAXIMUM PERMISSIBLE CONCENTRATION OF Co IN WATER FOR MAN 


Gastrointestinal Tract 


Liver 
Values for Continuous | — - -— 
Exposure to Man | TF T qt fzqg | (MPC)w f | | 7 q feg | (MPC)w 
fo fit (days) | Ge.) | | | fo | fe | days} Ge) | Gwe)! (ue. 

Values as Estimated from Sin- 0.007 | 0.47 | 9-St2 | 4.3 2 | 0.9X10774 0.98 0.64 | 0.25 1.2 0.8 | 0.91073 
gle Exposure Experiment | | 0.98 0.64 | 0.75°* °.9 0.6| 3X10 
Values as Estimated from Con- | (0.005)! | 0.33 | (8.4)! 2 1.4X10 (0.98)! 0.64 | (0.3)! 1.2. | 0.8 | 0.9X107% 
tinuous Exposure Experiment | | | | 0.64 | 0.75* | 0.9 | 0.6 3X10°* 
Values Given in Recommenda- 1.0 | 1.0 20 ne} 2 1X107% _ - |j— | 
tions of ICRP,’’> 
Values Given in Handbook | 0.004 lo 68 | 8.4 3 | 2 | — | - 
52,'° 1953 | | 
Values Given in “Maximum} 0.004 | 0.68 8.4 2X107?|) - °.75° °0.06f | — 4X107* 
Permissible Dose,’’® 1955 | | | | 


* It has been observed in the case of man that exponential elimination from the gastrointestinal tract does not take place; therefore, exponential 
decay from the gastrointestinal tract was not assumed in obtaining values marked by *. In this case the time the contents remained stationary in the 
lower large intestine was taken as 0.75 —_ and the mass of this portion of the intestine with contents was assumed to be 1/25.2 of the total or 150 gm. 


t This f: is the fraction in the liver o 


the total amount in the body, exclusive of the contents of the gastrointestinal tract. These values of g are 


the uc. present in the total body, exclusive of the contents of the gastrointestinal tract. } 
_ ! The continuous exposure experiment does not determine fw and T uniquely but gives the product fi T. The continuous exposure value of T for the 
liver is somewhat arbitrarily set equal to 8.4 days and this determines the value of fy. 
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somewhat lower, i.e., 8.4 days, and iden- 
tical with the Handbook 52 value. 

6. Within the limits of error of the single 
exposure experiment this same effective 
half-life of 9.5 days is applicable to the kid- 
ney, spleen and _ gastrointestinal tract 
minus contents. In the case of the contents 
of the gastrointestinal tract the effective 
half-life is about 0.25 days. 

7. The best estimate of the maximum 
permissible concentration of Co® in water 
for continuous exposure is 1.4 X 107? wc. /ml. 
for the liver as the critical organ and 
3X10-4 ue./ml. for the gastrointestinal 
tract as the critical organ. These values are 
in agreement (within the limits of error of 
this experiment) with those given in the re- 
port “Maximum Permissible Internal 
Dose’”’,® i.e., 2X10~? ye./ml. for the liver 
and 4X 107‘ uc. /ml. for the gastrointestinal 
tract. 


Miss Mary Jane Cook 
Oak Ridge National Laboratory 
Oak Ridge, Tennessee 


The authors wish to express their apprecia- 
tion to Drs. Alexander Hollaender, Jacob 
Furth and C. W. Sheppard of the Biology Divi- 
sion, Oak Ridge National Laboratory, Oak 
Ridge, Tennessee, for providing the space and 
equipment for these experiments. 
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APPENDIX I 


The calculated equilibrium dose rate to 
the livers of the mice as a result of exposure 
to water at a concentration of 2.25107 
uc. of Co®/ml. is, 


>, E(RBE) 9Xo.11 
2.8X10-3 -2.8X 1.81 
= 22 9 rad./wk. (Eq. 3) 


The calculated equilibrium dose rate to 
the liver of man would be much greater 
primarily because of the larger liver and 
correspondingly greater fraction of the 
gamma energy delivered to the liver. It is 
given as, 


0.72 1.81 2200 


W=229X 


1.7X108 2 
=170 9 rad./wk. 
Therefore, the recommended (MPC), for 
man becomes: 
(MPC) ~=2.25 X10 Xo.3/170 9 


5 


when the liver is taken as the critical organ. 
For the single exposure data (MPC), 
=0.9X 107 ye./ml. and for continuous ex- 


V 


= 
p 
a 
; 
x 


956 


or 
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posure data it is 1.4107? we./ml. In the 
above equations, 


9=uc. in liver of mouse under equi- 
librium conditions of exposure to 
2.25 X10~* uc./ml. of water de- 
termined from these experi- 
ments. (These experimental 
values of 9 were 0.0043 uc. and 
0.003 ue. for the single exposure 
and the continuous exposure ex- 
periments, respectively). 
LE(RBE) =0.11 mev./disintegration for Co® 
in which the effective diameter 
of the liver of the mouse is taken 
as O.1 cm. 
1.81 gm.=mass of mouse liver 
1.710% gm. = mass of human liver 
2,200=human water consumption in 
ml./day 
2=mouse water consumption in 
ml./day ‘ 


APPENDIX II 


The publication “Maximum Permissible 
Internal Dose’’® gives a maximum permis- 
sible concentration of Co for water that is 
50 times larger when applied to the lower 
large intestine of the gastrointestinal tract 
than when applied to the liver. This factor 
of 50 is obtained from the experimental fac- 
tor of R as follows: 


Der | 0.75 
Di 0.25/0.693 
1.7X 108/150 
1.81/4.02 
or 
Dar 
Di 


using the single exposure data and 47 using 
the continuous exposure data. In which, 
Der 


= ratio of dose to critical portion of 
D, the gastrointestinal tract to the 
dose to liver. 

R=ratio of average concentration of 
Co® in the gastrointestinal tract 
plus contents to the average con- 
centration of Co® in liver as ob- 
tained from this experiment. 
(R=1.73 for single exposure 
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data and 3 for continuous ex- 
posure data.) 

1/2=reduction in dose to wall of 
gastrointestinal tract since it is 
irradiated by contents from 
only about 1/2 the solid angle. 

0.43/0.72=estimated ratio of mev./disin- 
tegration delivered to the gastro- 
intestinal tract to that delivered 
to liver as applied to the stand- 
ard man. 

0.75 =estimated time (days) material 
remains in critical portion of the 
gastrointestinal tract (lower 
large intestine). 

0.25/0.693 =experimental mean time (days) 
contents remain in gastrointesti- 
nal tract of mouse. 

1.7X 108/150 

= 25.2 =estimated ratio of mass of 

1.81/4.02 total gastrointestinal tract and 
contents to the mass of lower 
large intestine and contents for 
the mouse based on ratio of mass 
of liver in man and mouse. 

0.75 =time (days) material is assumed 
to remain in lower large intestine 
of man.° 

4.02/0.214 = 18.8 =experimental ratio of mass 
of total gastrointestinal tract 
and contents to the mass of 
lower large intestine and con- 
tents for the mouse. 

1.7 X108/150=ratio of mass of liver to mass of 
lower large intestine plus con- 
tents for man. 

1.81/4.02=ratio of mass of liver to mass of 
total gastrointestinal tract plus 
contents for mouse. 


The (MPC): for the gastrointestinal 
tract is found by dividing the values of 
(MPC),, as found in Appendix 1 by the cor- 
responding values of D¢1/Dy MPC) er 
or 
(MPC) g1=1.4X 10-*/47 = 3 X /ml.). 
If a more questionable assumption is made 
that T in the case of the gastrointestinal 
tract and the distribution in mass between 
the lower large intestine and total gastro- 
intestinal tract is the same for man as the 
mouse, Der, D,=5.6 R and (MPC) GI 
=0.9X107/9.7=0.9X10 ~—uc./ml. or 
(MPC) g1=1.4X 1077/16 =0.9 X 10 ye. /ml. 
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THE DANGER OF CANCER FROM THOROTRAST 
AS A DIAGNOSTIC MEDIUM 


By EARL BUDIN, M.D., avd J. GERSHON-COHEN, M.D.* 


HOROTRAST is a radioactive opaque 
substance used for a multitude of diag- 
nostic purposes in radiology. Our experi- 
ence recently with 2 cases of cancer associ- 


ated with its use prompted this review of 


its potential dangers. 


PROPERTIES OF THOROTRAST 


Thorotrast is a colloidal solution of tho- 
rium dioxide. Thorium emits alpha, beta, 
and gamma rays, and has a half-life of 
1.4X10!° years. Recent measurements of 
the total dose rate of thorium indicate this 
to be 7.2 rep per hour per cc., nearly all of 
which arises from the alpha component;! 
but it is the alpha particle which most con- 
cerns the biologist. In the contents of one 
ampule of thorotrast (25 cc.), the alpha 
radiation is equivalent to that produced by 
0.5-1.0 wgm. of radium." Studies of lumi- 
nous watch dial painters fatally poisoned by 
ingestion of radioactive products indicate 
that the amounts involved are of the order 
of 0.5-2 wgm. of radium.":” Since some 
roentgenographic studies utilized as much 
as three ampules of thorotrast, it should 
be obvious that serious results might occur 
with its use. The most recent determina- 
tions indicate that very little thorotrast is 
excreted, most of it being retained in the 
reticuloendothelial and skeletal systems 
after intravenous injections.!° 

The properties of thorotrast which have 
made it attractive as a roentgenographic 
opaque medium are: (a) the absence of 
local vasospasm when used for cerebral an- 
giography; (b) the absence of allergic re- 
actions in patients sensitive to iodine-con- 
taining media; (c) its greater homogeneity 
and miscibility with aqueous body fluids. 

After its introduction in 1930, thorotrast 
began to be used widely for a variety of 
diagnostic procedures. It was shortly after 
this that the American Medical Association 


Council on Pharmacy and Chemistry!’ re- 
fused to accept the new radiopaque medium 
for intravenous use (but deferred action on 
its use via other routes), and cautioned 
against the possibility of its carcinogenic ef- 
fect. As a result of a series of editorial 
warnings in domestic and foreign medical 
journals concerning the possibility of car- 
cinogenesis,‘ thorotrast fell into some dis- 
favor, but its use still was recommended by 
many.!® 

The main basis for criticism of this drug 
is the experimental work of several inde- 
pendent workers who have demonstrated 
its carcinogenic effect in animals.° There is 
no reason to expect a different effect in 
man, especially since its retention in the 
body has been demonstrated. This has been 
recognized by many authors who generally 
have included a cautionary note in their re- 
ports describing its use. Some have recom- 
mended its use only in elderly patients be- 
yond a certain arbitrary age or in patients 
striken with malignant or otherwise fatal 
disease with an abbreviated life expectancy. 
However, in some papers, the cautionary 
note has been mild, merely calling for re- 
straint or discrimination in its use. 

It is apparent from the existing literature 
that a more thorough discussion of the dan- 
gers of thorotrast and a more definitive 
conclusion regarding its use is very desir- 


able. 


CLINICAL USES OF THOROTRAST 


The uses suggested for thorotrast have 
covered a wide range. Intravenously it is 
used for cerebral arteriography, peripheral 
angiography and for visualization of the 
liver and spleen. Other procedures de- 
scribed are myelography, encephalography, 
ventriculography, retrograde pyelography, 
mammography, gastrointestinal roentgen- 
ography, salpingography, cholangiography, 
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bronchography, visualization of sinuses and 
of sinus tracts and placentography. 

Its use in gastrointestinal roentgenology 
was recommended as recently as 1947? and 
in visualization of accessory spleens in 
1952.8 The major use today is in cerebral 
arteriography where some neurosurgeons 
recommend thorotrast in preference to 
diodrast because of the latter’s vasospastic 
effect while others list thorotrast as second 
choice to be used in case of iodine sensitiv- 
ity. It should be noted that cerebral an- 
giography today is done mostly by the per- 
cutaneous route, always attended with the 
possibility of extravasation; several au- 
thors list this phenomenon as being the 
only deleterious effect following the injec- 
tion of thorotrast, presenting cases with 
disabling granulomatous and fibrous reac- 
tions ten to fifteen years later. Whether 
this effect is the result of a foreign body re- 
action or is due to radiation has not been 
determined, but the harmful effects of the 
radiations are not sufficiently appreciated.’ 

When used intravenously, amounts vary- 
ing from 35 to 70 cc. are needed; injection 
into body cavities requires amounts which 

vary greatly, but are usually much less. 
Special techniques have been devised in 
mammography and myelography for the 
removal of thorotrast following its diagnos- 
tic use, but the success of these is by no 
means uniform. It would appear that in a 
procedure such as retrograde pyelography, 
all of the medium would be passed eventu- 
ally from the urinary tract. That this is not 
the case is demonstrated by the report of a 
malignancy occurring at the precise site of 
residual thorotrast, remaining in the kidney 
evidently as a result of extravasation or 


backflow.!8 


RESULTS OF THE USE OF THOROTRAST 


In the controversy over the use of thoro- 
trast, some authors have presented large 
series of cases in which this agent was used 
with apparently little harmful effect. Oth- 
ers have pointed to the few reported cases 
of malignancy associated with its use, 
claiming that this disproves its carcino- 
genic effect.!® Still others have emphasized 


only the fibrosis resulting from its use, be- 
littling the oncogenous effect. Others have 
claimed that the use of small amounts is 
safe. 

The probable reason why more cases of 
malignancy have not been reported in hu- 
mans is the long latent period of ten to 
thirty years which transpires between the 
deposition of thorium and the appearance 
of cancer. If all patients harboring residues 
of thorotrast outlived this latent period, the 
number of malignancies might be appalling. 
As for smaller amounts of a radioactive 
substance being safe, where the material is 
permanently retained, the latent period 
might be longer, but the oncogenous effect 
nevertheless would be real. 

It is difficult to conceive how thorotrast 
achieved its popularity with radiologists 
confronted with the analogy between the 
lethality of several micrograms of radium 
and its equivalent in an ampule of thoro- 
trast. In addition, the fibrotic and granulom- 
atous changes occurring from the acci- 
dental extravascular injection of thorotrast 
are not to be discounted.” Similar changes 
occur in the liver* and in the breast.!* Con- 
tinuous effects on the bone marrow have 
resulted in anemia,” and other deleterious 
effects have been reported in the bladder 
and rectum.” 

It is not easy to prove that malignant le- 
sions have been caused by ionization from 
residual thorotrast at the site of local in- 
jection. To the best of our knowledge, only 
4 cases which tend to fall into this category 
have been reported, with tumors arising in 
the maxillary sinus (2 cases), the lacrimal 
ducts, and the kidney.'® In addition, sev- 
eral cases of primary liver malignancy have 
been reported following hepatosplenog- 
raphy.'® Cases of leukemia also have been 
reported following its intravenous adminis- 
tration.!° These reports conform with the 
experimental findings and strongly support 
the contention that the oncogenous activity 
from radiations of thorotrast is a real dan- 
ger. 


REPORT OF CASES 


Cullen and Brody in our institution are to 
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Kic. 1. Case 1. Roentgenogram of right breast, 
lateral projection, showing thorotrast deposit at 
site of suspected neoplasm. 


report the case of a forty-three year old female 
whose breasts we examined roentgenographi- 
cally. This patient had noticed a painful lump in 
her right breast for three years. A freely mov- 
able, fluctuant mass, 2 cm. in diameter, was 
found below the nipple, not adherent to the 
skin. Seventeen years before, thorotrast had 
been injected into the ductal system of the right 
breast for roentgenographic studies elsewhere 
and this was followed immediately thereafter 
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by the surgical removal of a fibroadenoma. 

Recent roentgen films made during routine 
preoperative studies revealed changes suggest- 
ing the presence of a malignant lesion surround- 
ing residual thorotrast (Fig. 1). 

These findings were confirmed by histologic 
studies after a radical mastectomy. 

Roentgen examination of the excision biopsy 
specimen showed the major portion of the 
residual thorotrast concentrated precisely at 
the site of the tumor; and the surgical specimen 
also revealed the presence of thorotrast in 
several axillary ly mph nodes (Fig. 2). Examina- 
tion of the specimen in a gas flow counting 
chamber confirmed the presence of marked 
radioactivity. A radioautograph (Fig. 3) demon- 
strated the tracks of alpha particles arising 
from the region of the malignant cells. 

In another recent observation, a sixty-five 
year old woman was admitted to our institu- 
tion complaining of obstipation. barium 
enema examination revealed a_ constricting 
lesion of the splenic flexure suggesting malig- 
nancy. The spleen itself was small and densely 
studded with opaque material (Fig. 4). Residual 


Fic. 2. Case 1. Roentgenogram of specimen following 
radical mastectomy, showing small amount of 
thorotrast remaining about site of excision biopsy 
and in several axillary lymph nodes (upper end of 


film). 
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Kic. 3. Case 1. Photomicrograph of autoradiograph 
made from section of breast carcinoma (linear 
magnification approximately 430). In_ the 
periphery of the field, many alpha tracks are seen. 
(We are indebted to staff of Radiology Depart- 
ment, Hospital of the University of Pennsylvania 
for autoradiograph.) 


thorotrast was suggested and confirmed both 
by a positive history of thorotrast injection 
years before and by the histologic appearance 
of the microscopic sections.* In this instance, 
there is a margin for speculation as to whether 
the carcinoma of the splenic flexure of the 
colon was directly due to the dense infiltration 
of thorotrast in the spleen since during life, 
there must have been varying distances be- 
tween these two sites. The range of alpha 
particle radiation is very limited and would not 
likely traverse the distance from spleen to 
colon. But there are also beta and gamma radia- 
tions from thorotrast and even though they are 
weak, who can deny the possibility of a cause 
and effect relationship? 


DISCUSSION 


There are several indications that thoro- 


* This case is to be fully reported by Dr. Julian Sterling. 


trast is being used rather extensively 
throughout the world at the present time: 
(1) recent papers have been published in 
medical literature, as late as 1952, specifi- 
cally advocating its use; (2) in some fields, 
notably cerebral angiography, it is de- 
scribed by various workers as the agent of 
choice. This procedure usually requires ap- 
proximately 30 cc. administered intra-ar- 
terially; (3) the advertising of the manu- 
facturing company, while pointing out the 
possibility and to a lesser degree the reality 
of harmful effects, mentions its use as a 
diagnostic aid upon suspicion of meningitis, 
its use in 20 cc. doses for arteriography of 
the leg, in reduced doses for children and in 
20 per cent of all cases of cerebral angiog- 
raphy.® 

Evidently rejection by the American 
Medical Association Council on Pharmacy 
and Medicine and editorial warnings in 
many medical journals of the world, con- 
cerning the incontrovertible experimental 
proof of its oncogenicity, have not been suf- 
ficient to stop the use of thorotrast. This 
despite the fact that it is not an essential 
radiopaque medium. In most of the pro- 
cedures where it is used, the amount clearly 
exceeds the maximum safe dose and it is 
even questionable whether any dose can be 
established as safe for this emitter of potent 
alpha radiation with such a long half-life 
and which is so poorly excreted by the body. 

We feel that the danger of carcinogenesis 
far outweighs the advantages of thorotrast 
as a general diagnostic medium. This is not 
to deny that in a particular case, its use 
might be condoned; but this entails a surety 
of prognosis not always possible. Certainly 
its routine use in any type of diagnostic 
procedure is contraindicated. Since the 
chief use of thorotrast today in various 
medical centers is for cerebral angiography, 
recent favorable reports of the use of newer 
radiopaque agents assume greater signifi- 
cance. The major advantage attributed to 
thorotrast is the low incidence of vasospas- 
tic reactions. Recent evaluations? indicate 
a very low incidence also with diodrast and 
particularly with urokon. In view of the 
potential danger of thorotrast, these find- 


a 


ings should be stressed and more widely 
publicized in an effort to replace its use. 


SUMMARY 


1. Thorotrast, a radiopaque agent which 
is known to be radioactive, has been shown 
by experimental work to be carcinogenic. 
The American Medical Association Council 
on Pharmacy and Medicine and other au- 
thorities have repeatedly warned against 
the use of thorotrast because of this danger. 

2. Despite these facts, thorotrast is still 
used today for many diagnostic procedures 
in radiology, recommended in current med- 
ical literature and advertised for multiple 
uses. 

3. The limited clinical evidence of its 
carcinogenicity is chiefly the result of the 
long latent period between injection and 
the appearance of malignant changes. This 
accounts for the relatively few cases of ma- 
lignancy so far reported. A direct causal re- 
lationship is difficult to prove even when 
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Fic. 4. Case 1. Roentgenogram of abdomen. Dense spleen is visible close to 
tumor in air column of colon. 


the malignancy develops at the precise site 
of residual retention. 

4. Two cases are referred to here, 1 of a 
breast carcinoma developing seventeen 
years after the local injection of thorotrast, 
and another of a cancer which appeared in 
the colon adjacent to a spleen heavily in- 
filtrated with thorotrast sixteen years pre- 
viously. 

5. We conclude that thorotrast should 
not be used at all in those instances where a 
satisfactory alternative is available, espe- 
cially in such procedures as retrograde pyel- 
ography, arteriography, mammography, 
myelography, etc. We also feel that its 
use in cerebral angiography should be 
sharply restricted and that the replacement 
of thorotrast in cerebral angiography by re- 
cently developed media should be acceler- 
ated. 


J. Gershon-Cohen, M.D. 
255 South 17th Street 
Philadelphia 3, Pennsylvania 
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NUCLEAR 


OR the past decade the rapidly increas- 

ing availability of reactor-produced 
radioactive isotopes has given tremendous 
impetus to a branch of radiology which is 
now called nuclear medicine. In the strict 
sense of the word, nuclear energy has been 
employed in the medical field since the 
turn of the century when the first human 
being was treated with radium, a naturally 
radioactive substance. Other members of 
the three naturally radioactive families 
were tried and used more or less success- 
fully during the succeeding years.. The in- 
vention of the cyclotron by E. O. Lawrence 
in 1932 and the discovery of artificial 
radioactivity by F. Joliot and Irene Joliot- 
Curie in 1934 led then to the gradual in- 
troduction into the medical field of several 
cyclotron-produced isotopes on a limited 
scale. It was not, however, until the epoch- 
making construction of the first atomic pile 
on December 2, 1942 by Fermi and his co- 
workers and the subsequent production of 
large quantities of desirable radioactive 
isotopes in nuclear reactors, that a more 
extensive utilization of nuclear energy be- 
came possible in medicine. Since the start 
of the general distribution of radioactive 
isotopes of nearly all the elements by the 
Atomic Energy Commission in 1946, this 
utilization has reached unexpected pro- 
portions. 

At the present time radioactive isotopes 
are employed in the medical field for both 
diagnostic and therapeutic purposes. 

The diagnostic procedures may be di- 
vided into four general groups. 

The largest group comprises the numer- 
ous tests which depend on the localization 
of the radioactive isotope in a certain tis- 
sue, structure or organ of the human body. 
Extremely small amounts of an isotope, as 
the element itself, or more commonly in 
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the form of a suitable chemical compound, 
are administered and the selective uptake 
or specific absorption determined. This in- 
cludes measurement of the rate of localiza- 
tion, the rate of turnover or excretion and 
the rate of formation of a new or the break- 
ing up of an old compound. A combina- 
tion of any of these may also be used. Ordi- 
narily, a concentration of about 100 times 
that in normal tissues is desired in order to 
avoid damage to normal structures. The 
most widely used isotope depending on 
selective localization is radioiodine (I'*) 
which is concentrated in the thyroid gland 
with a specificity about 1,000:1. Numerous 
techniques have been evolved permitting 
accurate study of the various functional 
and metabolic phases of the normal and 
pathologic thyroid gland. Aebersold esti- 
mates that since 1938 over half a million 
clinical studies have been done with this 
radioisotope alone. Radiophosphorus (P**) 
and some other isotopes are also selectively 
concentrated in certain tissues, although to 
a considerably lesser degree, and have been 
used in various forms for localization and 
differentiation of tumors of the brain, 
mediastinum, eye, etc. 

The second group comprises the so- 
called dilution techniques. These make use 
of the radioactive properties of a certain 
isotope in determining the size of various 
physiologic body compartments and the 
rate of exchange of materials between 
them. A known amount of the isotope is 
introduced into the compartment and after 
a sufficient time to obtain complete mixing 
its concentration is measured. From this 
the volume is calculated by taking into 
consideration the inherent characteristics 
of the compartment and the possible al- 
terations which occur during the process of 
the study. Examples of dilution tech- 
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niques of considerable clinical value are de- 
termination of the blood volume by means 
of radioactive isotopes distributed either 
with the red cells or in the plasma, meas- 
urement of the total body water and of the 
extracellular water, determination of the 
total exchangeable sodium, potassium and 
serum albumin and others. 

The third group comprises the flow or 
diffusion tests which are used commonly in 
conjunction with studies of the cardio- 
vascular system. In these tests a small 
amount of a suitable isotope is injected in- 
travenously or into the tissue under study 
and the velocity of blood flow, the distri- 
bution in a certain part of the system, or 
the clearance from the tissue is deter- 
mined. Radiocardiography, measurement 
of circulation time or cardiac output, and 
determination of the radiosodium clear- 
ance are some of the diagnostic tests be- 
longing in this group which already have 
acquired definite clinical significance. 

The fourth group contains at the present 
time a rather vague assortment of proced- 
ures, mostly biochemical and metabolic in 
nature. It includes investigative studies 
with a large number of isotope labeled or- 
ganic compounds, such as phospholipids, 
nucleic acids, amino acids, proteins, vita- 
mins, hormones, and other similar metabo 
lites of physiologic or physiopathologic in- 


terest. Time only will determine which of 


these substances will emerge from the 
realm of pure research and become practi- 
cal diagnostic agents. A good example in 
this respect is the Co® labeled vitamin Bi» 
which is now being used with increasing 
frequency in the diagnosis of pernicious 
anemia. 

The therapeutic application of radio- 
active isotopes, for obvious reasons, has 
followed very much the pattern established 
on the basis of clinical experience gained 


during the past half century with the use of 


roentgen rays and naturally radioactive 
substances, among them principally radium 
and radon. The same technical procedures 
were employed and expanded or modified 
where the artificially radioactive substances 
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showed promise of leading to improvement 
over previous methods. Commensurate 
with the physical advantages of some of 
these substances a few new procedures 
were introduced in carefully considered 
situations. 

It may be said that the greatest progress 
has been made in the use of certain isotopes 
as sources for external gamma-beam ther- 
apy. Apparatus of various designs have 
been successfully constructed in which the 
electrically energized roentgen ray source 
was replaced by a ‘gamma emitting isotope 
source. Since the energies of the gamma 
rays of suitable isotopes vary between 0.5 
and 3 mev., such apparatus are used for 
supervoltage therapy. The problems en- 
countered in physical and clinical dosage 
are similar to those observed in the elec- 
trically operated apparatus of  corre- 
sponding energies. Although on theoretical 
grounds there appear to be at least six iso- 
topes which may be favorably adapted as 
beam therapy sources, only three of them 
have found practical usability. The most 
common of these is cobalt 60 which has a 
half-life of 5.3 years, emits two relatively 
close gamma rays of 1.17 and 1.33 mev. 
energies in equal ratio and is produced in 
the nuclear reactor with a high specific 
activity. The other isotope with great po- 
tential future is cesium 137 which has a 
half-life of 33 years, emits gamma rays of 
0.66 mev. energy and is obtained by sepa- 
ration from uranium fission wastes. The 
third isotope is iridium 192 which emits 
gamma rays of 0.8 mev., is produced in the 
nuclear reactor and has a half-life of only 
70 days, necessitating frequent replace- 
ment and reactivation. 

Three types of apparatus are available 
at the present time for external beam 
therapy with the gamma rays obtained 
from these isotopes. The kilocurie units, 
with sources of one to a few thousand 
curies, are designed for treatment at dis- 
tances of from 50 cm. upward, and in fact, 
are the only teletherapy units in the true 
sense of the word. The hectocurie units, 
with sources of a few hundred curies, are 
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primarily intended for treatment at dis- 
tances of from 30 to 50 cm., and are there- 
fore more suitably called brachytherapy or 
short distance therapy units. The third 
type is represented by the decacurie units, 
with sources of from § to 30 curies and per- 
mitting treatment only at a close range. 
These units originated from the replace- 
ment of radium with cobalt 60 or iridium 
192 in some of the old radium teletherapy 
units. At the present time, to avoid con- 
fusion, they may perhaps be better desig- 
nated as plesiotherapy units. According to 
Aebersold there are now more than 50 kilo- 
curie or hectocurie units in this country 
using cobalt 60 and 2 kilocurie units using 
cesium 137 as gamma _ beam emitters. 
There are a number of decacurie units, 
mostly in European radiologic institu- 
tions, using cobalt 60 or iridium 192 as the 
gamma ray sources. 

Somewhat slower progress been 
made in developing therapeutic methods 
for local tissue application of radioactive 
isotopes. As is known, three major modali- 
ties of treatment have proved of great 
clinical value in using radium, radon or 
other members of the naturally radioactive 
families for local tissue irradiation. These 
are surface application, which consists of 
placing multiple sources, distributed ac- 
cording to certain patterns, in flat, concave 
or convex applicators or moulds of various 
sizes and shapes against the skin or the ac- 
cessible mucosal surfaces; intracavitary 
application, which consists of placing single 
or multiple linear sources in various ar- 
rangements in body cavities; and inter- 
stitial application, which is carried out by 
implanting radon seeds permanently, or 
radium or radon needles for a limited time. 
The Quimby and Paterson-Parker sys- 
tems, serving as a basis of clinical dosage 
in using these three modalities, are now 
universally accepted and they form an in- 
dispensable part of our radiotherapeutic 
implements. 

It is only natural that the local tissue 
applications of artificially radioactive sub- 
stances should have progressed along simi- 
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lar lines. Thus, beta irradiation of super- 
ficial lesions of the skin is done by using 
pads of known dimensions impregnated 
with measured amounts of radioactive 
phosphates (P*). Various superficial le- 
sions of the eye are treated with P® bake- 
lite and plastic shells or with Sr*° applica- 
tors, and in advanced breast cancers, Y* 
pellets may be placed in the pituitary fossa 
to effect a radiation hypophysectomy. Sur- 
face gamma irradiation is carried out with 
appropriately shaped plastic plaques or 
moulds containing Co® or Au!** sources. 
For intracavitary gamma irradiation the 
ordinary radium sources in the great 
variety of applicators available for clinical 
use may be replaced by Co" or Au!®* rods, 
slugs, beads or bead-and-wire sources in a 
similar or somewhat modified arrange- 
ment. Under certain circumstances in 
lesions of the bladder, nasopharynx or ac- 
cessory nasal sinuses, the placement of a 
single bead with the aid of an inflatable 
catheter may prove advantageous, since it 
insures uniform equidistant distribution 
of the radiation around a point source. 
For interstitial gamma irradiation needles, 
wires or wire segments of or 
Ir! ensheathed in metal or flexible plastic 
tubing are used. In all these instances, the 
technical procedures and dosage calcula- 
tions closely follow the pattern so accurate- 
ly established for radium therapy except, 
of course, that adjustment must be made 
depending on the inherent radiation char- 
acteristics of the particular radioactive iso- 
tope employed. 

The fact that many of the radioactive 
isotopes, unlike radium or radon, can also 
be used in solutions or with appropriate 
liquid vehicles has led to expansion of the 
field of local tissue irradiation, especially 
in intracavitary and interstitial applica- 
tions. Thus the large serosal surfaces in 
the pleural and peritoneal cavities may be 
irradiated with colloidal solutions contain- 
ing or Zn®. Interstitital injection 
or infiltration has been performed effec- 
tively with Au'®® and P® in carcinoma of 
the prostate, carcinoma of the cervix with 
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parametrial involvement, inoperable lymph 
node metastases and other conditions. It 
must be stated, however, that much fur- 
ther investigative work is necessary before 
this form of irradiation can properly be 
evaluated. Dialysis, translocation, accu- 
mulation in vital organs and rate of elimi- 
nation are factors which, apart from the 
therapeutic effect produced, will weigh 
heavily in determining the ultimate clinical 
usefulness of a particular isotope. 

A new form of treatment which has re- 
sulted from the medical use of radioactive 
isotopes is internal irradiation. Tissues or- 
dinarily concentrate metabolites, whether 
radioactive or not, and, when _ larger 
amounts of radioactive substances are 
given internally, a therapeutic effect may 
be attained if a sufficient concentration of 
the isotope has been built up. This may be 
accomplished by administering a single 
large dose of the isotope or several smaller 
doses in various ways. However, since any 
tissue can utilize only its normal require- 
ment of a metabolite, the degree of the 
therapeutic effect will depend, apart from 
dose, on the rate of exchange of the metab- 
olite and especially on the magnitude of 
its concentration in the respective tissue or 
organ. This fact, of course, limits the use- 
fulness of internal irradiation with radio- 
active isotopes to diseases of a few organs or 
systems. In additional instances an en- 
hanced benefit may be derived from its 
association with conventional forms of 
roentgen and radium therapy. 
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Good examples of the therapeutic possi- 
bilities with internal administration of 
radioactive isotopes are treatment of hy- 
perthyroidism with I! in carefully se- 
lected cases; suppression of the normal 
thyroid function with I'* in patients with 
severe cardiac failure or angina pectoris; 
irradiation thyroidectomy or surgical thy- 
roidectomy followed by internal adminis- 
tration of I’! in functional carcinoma of 
thyroid; use of P® in blood dyscrasias, es- 
pecially polycythemia vera and certain 
leukemias; association of internal P® ther- 
apy with surgery, roentgen therapy and 
hormonal therapy in carcinoma of the 
breast; and some other conditions in which 
the treatment with radioactive isotopes is 
still in the investigative stage. 

Clearly, nuclear medicine has become 
an important and continuously growing 
branch of the science of radiology. The 
American Roentgen Ray Society nearly 
five years ago at its Annual Meeting held 
in Washington, D. C., “recognizing the 
importance of radioisotopes and the ra- 
pidity with which they have been employed 
within recent years, not only in diagnostic 
procedures but also as therapeutic agents” 
decided to incorporate in the title of the 
Journal an additional term which “would 
also connote the Journal’s interest in 
atomic medicine.” Since then the new title 
has been THE AMERICAN JOURNAL OF 
RoENTGENOLOGY, RApIuM THERAPY AND 
Nuctear MepIcIne. 

T. Leucurtia, M.D. 
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BERTRAM 


V. A. LOW-BEER 


1900-1955 


Sino profession of medicine, and par- 
ticularly those in the profession who are 
concerned with radiation therapy, its pro- 
gress and its problems, lost an outstanding 
colleague on September 25, 1955, when 
Dr. Bertram V. A. Low-Beer died of leu- 
kemia. Dr. Low-Beer’s death has been felt 
keenly by his friends and co-workers at the 


University of California, and the loss 1s 
shared by his many friends throughout the 
world. 

During his association with the Depart- 
ment of Radiology at the University of 
California School of Medicine, Dr. Low- 
Beer was exceedingly active in many fields 
of research, particularly in the use of arti- 
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ficial radioactive materials in medicine. His 
book, “The Clinical Use of Radioactive 
Isotopes,’ published in 1950, was well re- 
ceived, being the first book on this subject 
to be published. A revision of this book 
was being planned at the time of his death. 

In addition to his interest in isotopes, 
Dr. Low-Beer conducted research in the 
fields of directed beam and _ rotational 
therapy, inhomogeneous radiation (grid 
therapy), and accurate radiation therapy 
of all kinds. Recently he was associated 


with Dr. John Lawrence and the staff of 


the Donner Laboratory, Berkeley, Cali- 
fornia, as radiological consultant and super- 
visor on the project concerned with the 
irradiation of the pituitary with protons 
from the 184-inch cyclotron. 

Born in Topolcany, Czechoslovakia, 
December 11, 1900, Dr. Low-Beer began 
his medical education at the University 
Medical School in Budapest and completed 
it at the German University in Prague in 
1923. He received his medical degree in 
1924 and entered the field of radiology, 
subsequently studying in various Euro- 
pean centers. From 1934 to 1939, while 
engaged in private practice in Prague, he 
was Permanent Expert for Radiology at 
the High Court of Prague. 

Because of political events in Czecho- 
slovakia, he left Prague in January, 1939, 
first going to Paris, France, and then to the 
University of Birmingham (England), 
where he studied and worked with Pro- 
fessor Oliphant on the subject of radio- 
isotopes and neutrons. In February, 1941, 
he came to the United States to study 
with Dr. John Lawrence at the Radiation 
Laboratory, University of California, 
Berkeley. In order to obtain a license to 
practice medicine in California, Dr. Low- 
Beer asked permission to take a rotating 
internship at the University of California 
Hospital and was accepted in 1942. De- 
spite the fact that he was forty-one years 
old and had successfully practiced his 
specialty for many years, he fulfilled his 
duties with such good spirit that he won 
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many friends and admirers among those on 
the hospital staff at that time. 

In January, 1943, the Radiology Depart- 
ment at the University of California School 
of Medicine had urgent need of a radiation 
therapist, and Dr. Low-Beer joined the 
staff, serving the department until his 
death. In 1951, he became a Professor of 
Radiology. Throughout these years, his 
practice and teaching of roentgen therapy 
demonstrated proficiency and _ thorough- 
ness, as well as reflected his many-faceted 
interest in research. Besides his service to 
the University, he acted as a consultant 
to the United States Naval Hospital, Oak 
Knoll, California, and the Veterans Ad- 
ministration Hospital in San Francisco. 
Active in many professional societies, Dr. 
Low-Beer was an honorary member of the 
Second Mexican Cancer Congress and an 
invited participant in the Seventh Con- 
gress of Radiology in Copenhagen. Re- 
cently he had been a member of the Com- 
mittee on the Use of Radioisotopes in Hos- 
pitals of the American Hospital Association. 

Besides the reputation that he has left 
as a physician, radiologist, and research 
scientist, Dr. Low-Beer will be remem- 
bered for his dynamic personality. Gracious 
and kind to patients, cordial and warm- 
hearted to friends and associates, he was 
loved and admired by most of his col- 
leagues. His devotion to the truth and 
meticulous attention to details caused him 
at times to be impatient with those whose 
work he thought careless or slipshod. He 
was aided throughout his years in this 
country by his charming wife, who first 
worked with him in research at the Univer- 
sity, and who stood by him through his 
professional career. 

Such a man as Dr. Low-Beer can never 
be replaced. His ideas, however, will live 
on through his publications. The many 
students and colleagues who were asso- 
ciated with him in his work will always 
carry the inspiration of his high ideals and 
infectious enthusiasm. 

Rosert S. Srone, M.D. 
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BOOK REVIEWS 


Books sent for review are acknowledged under: Books Received. This must be regarded as a sufficient return 
for the courtesy of the sender. Selections will be made for review in the interest of our readers as space permits. 


THe Atomic Nucteus. By Robley D. Evans, 
Ph.D., Professor of Physics, Massachusetts 
Institute of Technology. Cloth. Price, $14.50. 
Pp. 972, with numerous illustrations. Mc- 
Graw-Hill Book Company, Inc., 330 West 
42nd Street, New York 36, New York, 1955. 


This book is the result of experience gathered 
in a course in nuclear physics which the author 
has been giving at the Massachusetts Institute 
of Technology for the past twenty years. It 
represents the experimentalist’s approach to 
the understanding of nuclear phenomena and 
deals mainly with the areas in which theory 
and experiment meet. It is both a standard 
text book for graduate students and a reference 
book for professional workers in all fields bor- 
dering on nuclear physics. To follow the author 
through the book the reader should be familiar 
with fundamental atomic physics and with 
mathematics through to calculus and differ- 
ential equations. Wherever necessary in the 
text the author develops the application of 
wave mechanics to his presentation and also 
presents a separate chapter on this as well as 
on other higher mathematics subjects in a 60 
page appendix. After the introduction of some 
fundamental concepts the author begins his 
chapters at the introductory level and then 
carries the reader through more difficult in- 
termediary levels into the advanced areas of 
current research. The whole book is introduced 
by a condensed but highly informative his- 
toric sketch of the development of the concept 
of the atomic nucleus; further short historic 
notes introduce almost every chapter through- 
out the book. About two thirds of the book is 
devoted to descriptions of properties of nuclei, 
nuclear models, nuclear forces, alpha and beta 
decay. About one fourth of the text deals with 
interactions between particles, radiation and 
matter, absorption and scattering. The rest is 
devoted to statistical considerations in nuclear 
processes and to measuring methods used in 
nuclear physics. The appendix, in addition to 
the mathematic chapters mentioned previously, 
contains useful information on basic nuclear 
constants, a glossary of principal symbols and 
notably an excellent bibliography of more than 


one thousand references. Over 300 lines draw- 
ing illustrations add considerably to the ex- 
planations of physical techniques and instru- 
ments. All those interested in any of the 
numerous aspects of nuclear physics will wel- 
come this comprehensive work and will be 
grateful to the author for having condensed 
several decades of his studies in a rapidly ex- 
panding field into a most useful and excellent 
reference textbook. 


Orro Gasser, 


ANNUAL Review oF Nuc ear Science. Vol- 
ume 3. J. G. Beckerley, Editor. Cloth. Price, 
$7.00. Pp. 412, with numerous illustrations. 
Annual Reviews, Inc., Stanford, California, 
1953. 

This third volume of the Annual Review of 
Nuclear Science continues a policy of presenting 
fundamental articles prepared by recognized 
authorities. In this particular edition, the 
editors have greatly broadened the scope of 
“nuclear science” and have included articles 
on the interaction of radiation with chemicals 
and biological systems. All of these articles are 
of fundamental importance and many are of 
direct interest to those who work with radia- 
tion. 

Biological actions of radiation are considered 
in four articles. Since these articles are highly 
concentrated surveys, only a few of the topics 
covered by them can be briefly reviewed here. 
R. Rugh in “Vertebrate Radiobiology: Em- 
bryology” presents a comprehensive survey of 
studies on the action of radiation on vertebrate 
embryological development. Fish, amphibians, 
birds, and mammals are treated independently. 
Following the irradiation of fish, studies of 
such responses as mortality, weight loss, blood 
development, length, and abnormalities in- 
dicate a slow response probably attributable to 
the low environmental temperature. Detailed 
descriptions of a variety of radiation injuries 
sustained by eggs and embryos of amphibia are 
given. In particular it is noted that the degree 
of tissue sensitivity in the embryo is greater 
than that of adults, and particularly enhanced 
in the nervous system. Data on chick embryo 
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responses, including the doses required for 
acute death, delayed death, and abnormalities 
as a function of embryo age are summarized. 
The extensive literature on mammalian em- 
bryo injury (primarily mouse and rat) is 
surveyed. Specific abnormalities and_ their 
probability of occurrence are tabulated and 
plotted on graphs as a function of the age of 
the embryo. Human data are fragmentary. 

J. Furth and A. C. Upton in an article on the 
histopathology and carcinogenesis of verte- 
brate radiobiology review findings on the patho- 
logical characteristics of radiation damage and 
its carcinogenic effects in various sites of the 
body. Cytological effects are described in 
detail and are indicated as qualitatively simi- 
liar for roentgen rays, neutrons, and beta 
particles. A relation between radiosensitivity 
in cells, and the loss of DNA in the nucleus 
and gain of RNA in the cytoplasm is discussed. 
In general, early injury in a variety of species 
produces similiar pathologic behavior, whereas 
carcinogenic response varies widely with dif- 
ferent species and systems. This article con- 
tains much valuable information in a highly 
condensed form. 

In “Cellular Radiobiology,” A. H. Sparrow 
and F. Forro review stories of the primary 
physical and chemical action of radiation, 
studies of observed cellular alterations, and 
in vitro and in vivo cellular irradiations aimed 
at definition of the mechanism which relates 
the primary act to cellular change. Studies of 
radiation action on enzymes and macro-mole- 
cules in general, and DNA in particular, are 
described. Cytological studies of a variety of 
effects on the cell nucleus, on cell and nuclear 
division, and especially on chromosomes, are 
described in detail. The modification of radio- 
sensitivity as a function of the stage of cell 
division, dependence on content of nuclear 
protein and of oxygen tension, by cysteine, 
glutathione, and temperature are also reviewed. 

In “Practical Aspects of Radiation Injury,” 
L. H. Hempelmann and J. G. Hoffman consider 
in detail the reaction of the body to acute 
radiation injury, therapeutic alleviation, and 
the effects of subacute doses. The acute radia- 
tion syndrome is described in detail and the 
history of 6 reactor accident victims exposed 
to heavy doses of neutrons is discussed. A much 
less serious immediate radiation damage to 
four individuals who received skin burns due to 
beta rays from contact with fission fragments is 
described. A case of acute thorium poisoning is 
also reviewed. Some results of experimental 
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therapy for acute radiation injury in animals 
are presented. The limitations of blood trans- 
fusions and antibiotic administration are out- 
lined. The use of chelating agents to mobilize 
heavy elements is described. 

Experience with late radiation effects is 
reviewed. This includes such consequences as 
skin cancer, cataracts, abnormalities, sterility, 
and malformation of children exposed before 
birth. Acute and chronic leukemia are also dis- 
cussed in some detail. The long interval between 
radiation exposure and manifestations of com- 
plications is emphasized and is even more per- 
tinent in view of instances of leukemia produced 
by radioactive iodine therapy reported since 
the publication of this volume. The incidences 
of leukemia in Japan and among physicians is 
mentioned. 

An excellent review of radiation dosimetry is 
given by L. Marinelli. The conclusions of the 
International Commission on Radiological 
Units are discussed with respect to the measure- 
ment of dose in ergs/gm. The relationship 
between this concept and the conventional 
measurement of ionization is elucidated in this 
article. Facilities, procedures and problems in 
the measurement of photon radiation are re- 
viewed for Grenz rays, medium soft roentgen 
rays, hard roentgen rays, and photons above 
three million electron volts. Development in 
the application of the Bragg-Gray relation to 
cavity ionization chambers is discussed. The 
effect of the polarization phenomenon on stop- 
ping power for electrons is explained, and values 
of its stopping power in commonly used ma- 
terials are presented in both tables and figures. 
Some of the techniques reviewed include the 
use of high atomic number cavity ionization 
chambers, calorimetric determinations of in- 
tensity, and the evaluation of the flux of high 
energy photon beams with depth-dose curves 
measured in flat ionization chambers of various 
elements. The development of tissue equivalent 
chambers for neutron dosimetry and the prob- 
lems involved are discussed. The application of 
scintillation methods to the same problem is 
also treated. 

The status of radiation protection measure- 
ments, primarily for gamma-ray and neutron 
sources, is reviewed and the areas where further 
work is required are outlined. 

Various aspects of radiation chemistry are 
discussed in four articles by P. E. Yankwich; 
P. C. Stevenson and H. G. Hicks; J. E. Wil- 
lard; and J. L. Magee. These are interesting 
and significant articles in an area which defines 
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the fundamental basis of the interaction of 
radiation with matter. No further review of 
these comprehensive articles can be given in 
this space. 

Photographic emulsions have unique ad- 
vantages in certain situations in nuclear physics 
and biophysics in the study of the properties, 
identity and localization of charged particles. 
This technique and the general use of photo- 
graphic emulsions are reviewed in a compre- 
hensive articles by Y. Goldschmidt-Clermont. 
The standardization of neutron methods is 
treated by A. Wattenberg. Different techniques 
are reviewed for the various energy ranges of 
neutrons. It is concluded that absolute meas- 
urements are accurate to about 4 per cent for 
most energies. The precision of relative meas- 
urements has approached a few tenths of one 
per cent. 

An intriguing aspect of the behavior of 
neutrons is their wave characteristics which 
parallel roentgen ray phenomena in many 
respects. Thus, neutron diffraction studies were 
initiated to determine spectral distributions as 
soon as sufficiently intense beams of low energy 
neutrons were available. Many interesting as- 
pects of these measurements are described by 
D. J. Hughes, an authority and pioneer in this 
field, in an article entitled ““Neutron Optics.” 

Two articles by E. M. Henley, M. A. 
Rudermann, and J. Steinberger; and by L. 
Leprince-Ringuet, review research on one of 
the most active frontiers of physics, the study 
of mesons. Before the construction of the 
highest energy accelerators, the highly ener- 
getic mesons could only be studied in naturally 
occurring cosmic rays. A tremendous amount of 
data are now being obtained from both natural 
(cosmic ray) sources and artificially by accel- 
erator reactions. These authors summarize 
some of the most pertinent data. 

A principal article is a fundamental treat- 
ment of both the theoretical and experimental 
aspects of the extranuclear interactions of 
electrons and gamma rays by D. R. Corson and 
A. O. Hanson. The concept of probable energy 
loss is developed and the effect of polarization 
phenomena on energy loss is described. Nu- 
clear scattering of both positrons and negative 
electrons is examined and the influence of 
nuclear size is defined. Various experimental 
results are presented, including those of Hanson 
and his colleagues who have performed the 
first experiments in this field in the range up to 
twenty million electron volts. This article is 
written for physicists but is interesting to 
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anyone who desires more insight into the in- 
teraction of energetic electrons. 

In summary, this volume of the Annual 
Review of Nuclear Science includes well written 
and authoritative articles by recognized ex- 
perts. This third volume is of particular in- 
terest to those who work with radiation since 
the editors have added the indicated articles on 
the biological and chemical actions of radiation. 

Joun S. LauGHiin 


Isoropic Tracers. By G. E. Francis, Reader 
in Biochemistry, St. Bartholomew’s Hospital 
Medical College; W. Mulligan, Senior Lec- 
turer in Biochemistry, Glasgow University 
Veterinary School; and A. Wormall, Profes- 
sor of Biochemistry, St. Bartholomew's 
Hospital Medical College. Cloth. Price, $7.00. 
Pp. 306, with 49 illustrations. John de Graff, 
Inc., 64 West 23rd Street, New York 10, 
New York, 1954. 


This book, like several similar ones, had its 
origin in a theoretical and practical course on 
“The Use of Isotopes in Biochemical and 
Physiological Investigations,” which the au- 
thors have given for several years to graduates 
in physiology, science or medicine at St. Bar- 
tholomew’s Medical School. The book ac- 
cordingly is divided into two main parts, 
“Theoretical Considerations” and ‘Practical 
Course.” The first part describes the theoretical 
principles underlying the production of isotopes 
in accelerators and reactors, the preparation 
and measurement of stable and radioactive 
isotopes, their properties, their use as biologic 
tracers and the production and synthesis of 
labelled compounds. The principles of measure- 
ment, such as the use of the mass-spectrometer 
for stable isotopes and the electroscope, ioniza- 
tion chamber Geiger tube and scintillation 
counter for radioisotopes are given in detail. 
In the practical section of the book instructions 
for a course of practical exercises are given. 
All experiments described in this part, with the 
possible exception of those requiring the use 
of a mass spectrometer, can be satisfactorily 
carried out in any well equipped biochemical 
laboratory. Some of the interesting tracer 
experiments in this section were first intro- 
duced by the authors. A few examples may 
illustrate their usefulness: The incorporation 
of P-32 into hens’ eggs during their develop- 
ment; the preparation of I-131 labelled pro- 
teins and their use (a) to study the persistence 
in the blood stream of injected proteins, and 
(b) to determine the plasma protein space of 
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an animal; the use of a tracer-labelled protein 
antigen in the determination of the composi- 
tion of serological precipitates; paper chroma- 
tography with I-131 containing urines. Deter- 
minations of half lives, statistical considera- 
tions and interpretation of self-absorption 
curves conclude the series of practical exer- 
cises. An appendix contains a table of physical 
characteristics of some of the radioisotopes 
of biologic interest, which are obtainable from 
Harwell, a glossary, laboratory rules for a bio- 
chemical tracer laboratory and other informa- 
tion of practical use to the radioisotope worker. 
The illustrations are as a whole satisfactory; 
instruments shown are almost exclusively of 
British manufacture, while many of the line 
drawings are taken from American publica- 
tions. The book is useful to the beginner in 
isotope methodology. 
Orro Guiasser, Px.D. 


PROCEEDINGS OF THE SECOND NATIONAL CAN- 
CER CONFERENCE—1I9§2. Volumes I and II. 
Published by American Cancer Society, Inc., 
National Cancer Institute of the U. S. Public 
Health Service and American Association for 
Cancer Research. Cloth. Price, $7.50 per set. 
Pp. 1687, with numerous _ illustrations. 
Distribution Manager, American Cancer 
Society, 47 Beaver Street, New York 4, 
New York, 1954. 


These extensive proceedings could virtually 
serve as a text on the general subject of cancer 
so completely are the clinical and research as- 
pects of this problem covered. Part 1 sets forth 
the purpose of this conference, i.e., to bring 
together scientists working in medical and 
closely allied fields in order to exchange and 
share their ideas and experiences. Ideas are 
catalyzed and information is disseminated as 
to the best methods of cancer detection, better 
diagnostic procedures, the progress in develop- 
ing reliable blood tests and new treatment 
applications. 

The conference was divided into general 
sessions, round table discussions and panel 
meetings. There is some duplication in these 
various groups where treatment methods are 
considered regionally by a particular panel 
and generally by a session or round table. In a 
limited review of this kind only certain high- 
lights can be emphasized. 

Part 1 includes the general sessions dealing 
with encompassing subjects presented by a 
single essayist. Such topics as the differential 
diagnosis of pulmonary malignancy, cancer 
chemotherapy, the relationship of viruses to 
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cancer, the use of radiation therapy in cancer, 
exfoliative cytology, malignant melanoma, the 
cancer potential of the silent lung shadow, re- 
cent progress in the study of chemical carcino- 
genesis, and the surgery of alimentary tract 
cancer were presented in this manner. 

A plea is made for the use of both inspiratory 
and expiratory films in evaluating chest lesions. 
The limitation of the method inherent in the 
individual examiners is emphasized to aid in 
proper evaluation. The “second-look” proce- 
dure advocated in the surgery of alimentary 
tract cancer shows definite promise in colic 
lesions but no benefit is evident in gastric and 
rectal lesions. 

Two round table discussions comprised Part 
1 of the proceedings. The first concerned the 
“Significance of Statistical Analysis of End- 
Results in the Treatment of Breast Cancer.” 
It is deduced that there has been no actual 
increase in the occurrence of breast cancer of 
lethal character other than that associated 
with an aging population. It was further 
thought that early treatment not only failed 
to control but has not reduced mortality rates 
appreciably. It was concluded that in those 
cases with fatal disease, metastases had oc- 
curred prior to the institution of treatment and, 
therefore, also before the primary lesion was 
detected. It is suggested that a slight delay, 
that is until specific symptoms indicate certain 
diagnostic studies, would not materially affect 
mortality rates. This is certainly in contradis- 
tinction to our current teaching and practices. 

The second round table discussion consisted 
of a “Joint Meeting of the Breast, Female 
Genital Tract, Genitourinary, and Steroid 
Endocrinology Panels.” 

It was concluded that early diagnosis and 
surgical excision are the best methods of treat- 
ment of mammary cancer. Roentgen therapy 
is then indicated in localized lesions, post- 
operatively, and in some disseminated disease. 
Occasionally local surgical excision is employed 
palliatively. Hormonal therapy is primarily 
indicated for pulmonary lesions, and wide- 
spread osseous or soft tissue lesions. 

Castration should be employed in the pre- 
menopausal patients where no contraindica- 
tions exist. Testosterone propionate is used in 
patients of all ages but estrogens appear to 
increase in efficacy with age beyond five years 
or more postmenopausal, and are best used in 
the presence of soft tissue and lung metastases. 
Testosterone should be employed for a mini- 
mum period of three months before concluding 
that it is of no value. Edema and hypercal- 
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cemia are dangerous side effects and severe 
uterine bleeding may occur with estrogen medi- 
cation. Histologically, steroid therapy pro- 
duces changes akin to irradiation effects. 

Part Iv was the most extensive and consisted 
of panel meetings on the breast, genitourinary 
tract, head and neck region, lymphomas and 
leukemias, female genital tract, gastrointestinal 
tract, lung, radiobiology, genetics, cytology, 
chemotherapy, virology, steroids and isotopes. 

Clinical and pathologic classifications are 
given in the breast panel as a prelude to a 
discussion of irradiative and surgical methods 
of treatment of certain lesions and stages of 
disease. The problem of super-radical surgery, 
i.e.. supraclavicular and internal mammary 
nodal dissection along with radical mastectomy 
is discussed and thought to be indicated more 
specifically for medial quadrant lesions. Only 
time will permit the evaluation of the relative 
value of this and other radical procedures such 
as bilateral adrenalectomy when evaluated in 
the light of their morbidity and mortality. 
Steroid hormone therapy is an_ established 
palliative measure in advanced mammary 
cancer. It is used as an adjunct to irradiative 
and surgical methods as well as a sole therapeu- 
tic attack in some cases with disseminated 
disease. Whether it can be efficaciously used 
prophylactically is suggested but not proved. 
There is no satisfactory explanation for the 
benefit attendant to estrogen therapy in the 
postmenopausal years. 

Further attention is called to the underlying 
adrenal cortical tumors in many cases with 
Cushing’s syndrome in the panel on genito- 
urinary cancer. 

The consensus regarding treatment of 
carcinoma of the prostate is radical surgery in 
the potentially curable and “occult’’ lesions. 
Palliative surgery is indicated to relieve ob- 
struction in the advanced cases. Hormonal 
treatment should be instituted in all cases. In 
discussing the radiotherapy of lesions of the 
testis certain calculated risks were described. 
The tolerance dose and estimated lethal dose to 
the stomach, transverse colon, spinal cord, 
kidney, and paraspinal tissues are given. 

In the head and the neck a distinction is 
made pathologically between verrucous car- 
cinoma, a well differentiated squamous car- 
cinoma with a tendency to remain localized, 
and invasive carcinoma. The latter may be 
preceded by carcinoma in situ. There are areas 
around the first cancer in one conditioned to 
the development of new lesions—therefore, 
the patient with intraoral carcinoma must be 
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followed assiduously for life. 

Comparison is made between surgical and 
irradiative methods of treatment. The latter 
includes external roentgen therapy of the 
conventional type, interstitial techniques em- 
ploying radon seeds and radium needles as well 
as other isotopes in similar fashion or in molds. 
The only specific indications for surgical treat- 
ment of intraoral carcinoma are carcinoma of 
the tip of the tongue and carcinoma of the 
tongue in the presence of syphilis. The treat- 
ment of cervical metastases is primarily a 
surgical problem. Thyroid lesions are best 
treated by surgical excision, either radical 
dissection or individual excision of metastatic 
nodules. Radical dissection, however, is not in- 
dicated in undifferentiated carcinomas. Metas- 
tases to the retrothyroid area along the recur- 
rent laryngeal nerve into the superior 
mediastinum should be meticulously removed. 

Discussion of the lymphomas and leukemias 
dealt primarily with their treatment by ir- 
radiation, roentgen therapy and radioisotopes, 
surgery, chemotherapeutic agents (urethane, 
mustards, folic acid antagonists), and hormonal 
preparations (ACTH, cortisone). 

An interesting presentation on the lack of 
cervical carcinoma in nuns was given. Car- 
cinoma i” situ, treated by conservative and 
radical methods was discussed at length. A need 
for better means of control of metastatic cer- 
vical carcinoma was outlined in the search for 
better control of the stage m1 and Iv lesions. 
Combined irradiative and surgical treatment 
was indicated for carcinoma of the endo- 
metrium. All tumors of the ovary must be 
removed and studied histologically, then fol- 
lowed by intensive roentgen therapy when 
necessary. 

The papers presented on gastrointestinal 
tract lesions were primarily concerned with 
various diagnostic methods. 

Certain differences were pointed out between 
squamous cell carcinoma of the lung and 
adenocarcinoma. The former is thought to be 
related to cigarette smoking. Chest survey 
studies are recommended every six months 
over the age of forty and early surgical attack 
is less appreciated than it should be. Early 
surgery should also be instituted for indeter- 
minate lesions. Palliation is effected with intra- 
cavitary isotopes, chemotherapy and roentgen 
therapy. 

The basic mechanism of the interactions of 
ionizing radiations with matter and an explana- 
tion of their biologic actions introduced the sec- 
tion on radiobiology. Modes of irradiation and 
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favorable modification of radiosensitivity were 
also presented. Chemical alterations produced 
by irradiation and the effects of localized and 
total-body irradiation gave further insight 
relative to radiation effect. The current status 
of radiation therapy was reviewed in relation 
to its historic development. 

Hereditary influences, genes and environ- 
mental agents are considered in the light of 
genetic effects. Excellently illustrated methods 
of obtaining cytologic specimens by smears, 
endoscopy and aspiration are presented. A 
need for improving the accuracy and specificity 
of these methods is outlined. Chemotherapeutic 
virological and steroidal substances were dis- 
cussed in detail. Steroids are intimately tied up 
with the induction and regulation of tumors of 
the endocrine organs. 

The discovery of artificial radioactivity in 
1934, followed by the ability to produce radio- 
isotopes in large quantities at low cost in 
nuclear reactors, has given great impetus to 
the application of these substances in clinical 
work, The cancer field is the largest area of 
usage of these materials. 

The increasing use of radioisotopes is due to 
the greater availability of training facilities, 
special complex compounds labeled with radio- 
isotopes and better technology. Marked ad- 
vances have been made in the field of 
instrumentation. The applications of tracers 
in biology and medicine are completely out- 
lined. In general, the medical applications are 
diagnostic or therapeutic. The former depends 
upon the indication of fluid space or flow and 
specific concentration. The therapeutic uses 
depend upon physical or chemical placement of 
the material. The most important of the 
limited number of isotopes which have been 
widely used are radioactive sodium, phos- 
phorus, iron and iodine. 

External radiation methods with both beta 
and gamma rays are presented in a compara- 
tive fashion as well as are interstitial and in- 
tracavitary methods. 

Finally, it is pointed out that a physician’s 
responsibilities to any patient have intellectual, 
social, moral, legal and professional aspects. 
The radiation physicist is an integral and in- 
dispensable part of the radioisotope team, but 
matters of dosage, accurate radiation measure- 
ment and administration, accurate and ade- 
quate clinical records and reliable reporting 
of results are the responsible physician’s con- 
cern. 

KENNETH L. M.D. 
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RaDIOISOTOPES IN BI1oLoGy AND AGRICULTURE. 
PRINCIPLES AND Practice. By C. L. Comar, 
Oak Ridge Institute of Nuclear Studies, 
Formerly Laboratory Director and Research 
Coordinator, University of Tennessee— 
Atomic Energy Commission, Agricultural 
Research Program. Cloth. Price, $9.00. Pp. 
481, with numerous illustrations. McGraw- 
Hill Book Company, Inc., 330 West 42nd 
Street, New York 36, New York, 1955. 


This book gives workers in the biologic field 
an understanding of how useful radioisotopes 
can be in their studies and how the experimental 
work should be undertaken. First, certain basic 
princicipes of tracer methodology are pre- 
sented from a practical point of view without 
delving too deeply into nuclear physics or into 
experimental detail. These basic principles are 
illustrated by examples drawn from a variety 
of subjects such as physiology, entomology, 
soils, fertilizer and nutrition. Basic difficulties 
in tracer work are described in detail and sug- 
gestions made as how to recognize certain pit- 
falls and how to avoid them. The important 
problems of health physics are discussed in 
detail. Experimental facilities required and 
procedures for study with plants, laboratory 
and domestic animals are explained. In an 
excellent 122 page chapter a description of 58 
radioisotopes is given with enough information 
to permit selection of facilities necessary in 
each case, preferable counting methods and 
amount of radioisotope necessary for a specific 
experiment. Attention is again called to the 
special difficulties that might arise. In the last 
chapters several experimental methods are 
described which are of particular value in radio- 
isotope work, such as autoradiography, paper 
chromatography, ion exchange and_ radio- 
activation analysis. A glossary of selected terms 
in nuclear science, a list of available reports of 
the United States Atomic Energy Commission 
and a summary of radioisotope preparations 
available at the Oak Ridge National Labora- 
tory conclude the text. A bibliography of 879 
original articles offers a considerable portion 
of the literature on the subject and almost 100 
well selected illustrations contribute consider- 
ably to the clear presentation. This useful book 
demonstrates that radioisotope tracer methods 
have been developed to a point where any bio- 
logist with some background in quantitative 
chemistry can use them successfully in his stu- 
dies. 


Orro Gasser, Px.D. 
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ROENTGEN DIAGNOSIS 
SKELETAL SySTEM 


SeLcakovicH, Water G., and Whire, J. 
Warren. Chondrodystrophia calcificans con- 
genita; report of a case. F. Bone & Foint 
Surg., Dec., 1955, 37-4, 1271-1277. (From: 
Shriners’ Hospital for Crippled Children, 
Honolulu, Hawaii.) 


This rare disorder of the early months of life is 
characterized by punctate areas of calcification in the 
epiphyses. It has been given various other names, the 
simplest being “stippled epiphyses.” The condition 
affects females in a 2:1 ratio and familial tendencies 
have been reported. Various associated abnormalities 
are often present. The stippling of epiphyses seen in 
the cretin may mimic this condition and a trial of 
thyroid therapy may be necessary to differentiate. 

Various bones may be affected, particularly the 
ends of the long bones. The stippling may be detected 
very early and it gradually disappears. Prognosis 
varies with the degree of involvement; the affected 
areas may return to normal with no resultant ab- 
normality except for slight hypoplasia of the af- 
fected bone or bones; or the affected limb may be 
considerably shorter due to marked hypoplasia. 
Cases with marked involvement and with associated 
anomalies have a poorer prognosis; death from lung 
and kidney infections before one year has been re- 
ported in as many as one half of the cases. 

The case herein described showed retardation of 
ossification in the centers though ossification was 
completed at the same time as on the normal side; 
an associated abnormality of the nose was present. 
An unusual feature was that the patient was living 
a relatively healthy life for 12 years despite the per- 
sistent deformities such as a discrepancy in leg length 
due to the abnormal bone growth and nutrition.— 


Wallace M. Roy, M.D. 


Garceau, GeorGeE J.,and Mitier, WALLACE E. 
Osteochondrodystrophy as a result of or in 
relation to pseudo-hypoparathyroidism. 7. 
Bone & Foint Surg., Jan., 1956, 78-4, 131- 
141. (From: Department of Orthopaedic 
Surgery of the James Whitcomb Riley Hos- 
pital, Indiana University School of Medicine, 
Indianapolis, Ind.) 


Pseudohypoparathyroidism, or Seabright-Bantam 
syndrome, may be associated with noncharacteristic 
changes. The disease is manifested by disturbed hor- 
mone function, a form of dyschondroplasia and a 
tendency towards the formation of soft tissue calcifi- 
cation. The same changes in the blood are present in 
idiopathic hypoparathyroidism without the dys- 
chondroplasia and ectopic calcification, so that these 
changes are not secondary to the disordered blood 
chemistry. 

These patients are short with a round face, thick 
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neck and short stubby hands. The epiphyses close 
early and the fingers are short. The long bones are 
short in relation to the trunk. Soft tissue calcification 
is present. There is a chronic tetany with normal 
renal function. There is a failure of response to nor- 
mal parathyroid secretion rather than primary in- 
sufficiency of the parathyroid. 

The Ellsworth-Howard test is specific in excluding 
true hypoparathyroidism. In a normal patient para- 
thyroid extract will cause phosphate diuresis and 
in pseudohypoparathyroidism there is no diuresis. 

These patients respond more slowly to A. T. 10 
than do patients with true hypoparathyroidism. 

The case reported by the authors had an osteo- 
chondrodystrophy in addition to pseudohypopara- 
thyroidism. The original diagnosis was dyschondro- 
plasia, but about 5 years later a mild tetany devel- 
oped and blood studies and the Ellsworth-Howard 
test demonstrated a pseudohypoparathyroidism. The 
patient developed rather marked skeletal deformities 
which were slightly improved on A. T. 10, Vitamin 
D and a high calcium diet.—Martha Mottram, M.D. 


Braver, W. Zur Atiologie der juvenilen Ky- 
phose (M. Scheuermann). (About the eti- 
ology of juvenile kyphosis [Scheuermann’s 
disease].) Fortschr. a. d. Geb. d. Réntgenstrah- 
len ver. m. Réntgenpraxis, Dec., 1955, 83, 
839-843. (From: Univ.-Ro6ntgeninstitut der 
Charité, Berlin, Germany.) 


Scheuermann explained the findings of juvenile 
kyphosis by a primary abnormality of the secondary 
centers of ossification of the vertebral bodies. 
Schmorl considered a prolapse of the nucleus pul- 
posus of primary etiologic importance. The author 
had an opportunity to examine the spine of contor- 
tionists roentgenologically. These people are trained 
from early childhood on to attain an excessive dorsal 
flexion of the spine. Overstretching the vertebral 
bands and damage to the intervertebral disks lead 
to roentgenologically demonstrable changes consist- 
ing in narrowing of the intervertebral spaces, a 
localized gibbus and irregular defects at the anterior 
edges of the vertebral bodies, very similar to the ab- 
normal findings in Scheuermann’s disease. 

The author considers the pathologic changes in 
the contortionists traumatic in origin, due mainly 
to injury of the disks. He believes that the very simi- 
lar findings in juvenile kyphosis are also primarily 
abnormalities associated with an insufficiency of the 
disk, probably on a congenital basis. He is, however, 
not willing to admit that the anatomic findings are 
secondary to herniation of the nucleus.—Hans W. 


Hefke, M.D. 


FerGcuson, ALBERT Barnett, JR. The etiology 
of pre-adolescent kyphosis. ¥. Bone & Foint 
Surg., Jan., 1956, 38-4, 149-157. (From: 
Orthopaedic Service, Children’s Hospital, 
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and the Orthopaedic Department, Univer- 
sity of Pittsburgh, Pittsburgh, Penna.) 


Persistence of the anterior vascular groove of the 
thoracic vertebrae may play a significant role in the 
production of kyphosis juvenilis. 

Comparison of a series of 21 patients aged five to 
seventeen, with a large series of unselected, asympto- 
matic individuals showed a much more frequent per- 
sistence of the groove in the former group. 

Early clinical evidence of persistent anterior vascu- 
lar groove in the dorsal spine together with poor pos- 
ture indicates the desirability of early treatment of 
the deformity.—Dale Undem, M.D. 


Barkin, Ropert E., Srittman, J. SypNey, 
and Porrer, THEoporeE A. The spondylitis 
of juvenile rheumatoid arthritis. New Eng- 
land F. Med., Dec. 22, 1955, 253, 1107-1110. 
(From: Medical and Orthopedic Services, 
Robert Breck Brigham Hospital, Boston, 
Mass.) 


In the past, spondylitis associated with peripheral 
rheumatoid arthritis in children has been considered 
an unusual clinical manifestation of this disease. 
However, an analysis of 57 cases of juvenile arthritis 
demonstrated clinical or roentgenographic evidence 
of spinal involvement in 80 per cent of these patients. 

In every case, spondylitis has been associated with 
peripheral joint disease, but in some instances the 
clinical signs of pain, stiffness and limitation of mo- 
tion were present before the peripheral joints were 
involved. Flexion deformity of the neck was the 
most commonly observed deformity. The average 
age at the appearance of spondylitis was approxi- 
mately 9} years with the earliest onset observed at 
two years and the latest at 26 years. It was apparent 
that in the latest case, the disease must have begun 
much earlier in the spine but was overlooked clini- 
cally. The disease was almost twice as common in 
females as in males. 

Roentgenographically, there is narrowing, irregu- 
larity and often fusion of the apophyses and also of 
the sacroiliac joints. The vertebral bodies are under- 
developed in height and breadth and the interverte- 
bral spaces are narrow owing to the lack of develop- 
ment of the disk. It is reasoned that the limitation 
of motion reduces the growth stimulus. In rare cases, 
slight calcifications confined to the capsular liga- 
ments are seen, but the outstanding feature is a lack 
of calcification in the paravertebral ligaments. Of 
the entire group of rheumatoid arthritis in juveniles, 
roentgen evidence of spondylitis was elicited in 70 
per cent of the cases. 

The roentgenographic differentiation of failure of 
segmentation and Marie-Strimpell arthritis is 
given.—Yohn W. Wilson, M.D. 


Rircuiz, Gorton, and Zeier, Francis G. 
Hemangiomatosis of the skeleton and the 
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spleen. 7. Bone S Foint Surg., Jan., 1956, 
38-A, 11§—122. (From: Milwaukee Children’s 
Hospital, Milwaukee, Wisc.) 


The authors present the case of a white male aged 
two with a markedly enlarged spleen and multiple 
irregular multilocular and monolocular cystic lesions 
throughout the entire skeleton except in the epiph- 
yses and hands and feet. The skull had a “‘moth- 
eaten” appearance. A few vertebrae were involved. 

Biopsy of the rib revealed a cystic lesion containing 
blood clots and another area showed widely di- 
lated, thin walled blood spaces. The spleen was re- 
moved and contained multiple cystic nodules due 
to enlarged vascular spaces. The swollen spaces ap- 
peared to have developed from the venous sinuses 
and merged with the normal vascular structures. 
Pathologic diagnosis was hemangiohamartoma of the 
spleen. 

The patient had 2 fractures before diagnosis was 
made and 3 since then, with insufficient trauma to 
break normal bones. 

Hemangiomas of the vertebrae are not infre- 
quently found at autopsy or during roentgen exam- 
ination. The spine is the most frequent location with 
an incidence of 11.9 per cent reported by Topter in 
1928 in a series of 2,154 autopsies. In a recent review 
Jacobs and Kimmelstein found 41 extravertebral 
bone hemangiomas, with 20 involving the skull and 
21 the bones of the extremities. 

The roentgen appearance of hemangioma varies 
with the type of bone involved. 1. Flat bones: sun- 
burst pattern with occasionally hyperostosis. 2. 
Vertebrae: coarse, dense vertical striations in bodies 
and occasionally compression of the bodies and/or 
cord. 3. Tubular bones: lesions occur near the en- 
trance of the nutrient arteries. They are eccentric, 
and show multilocular cystic cavities of various sizes 
with a fine fibrillary framework. The shaft may show 
a spindle-shaped expansion and the cortex is thinned. 

Benign hemangiomas may undergo spontaneous 
regression and healing and replacement of vascular 
tissue by bone. The lesions may enlarge due to in- 
creased intravascular tension and pulsate, and the 
periosteum may expand greatly. In the long bones, 
biopsy shows cavities, some containing serosanguine- 
ous fluid, lined with gray-yellow membrane. It has 
been suggested that simple bone cysts may be sec- 
ondary to hemangioma with hemorrhage and local 
resorption of bone. 

In the spleen, cavernous hemangioma is the most 
common variety and the tumors often undergo ex- 
tensive thrombosis.—Martha Mottram, M.D. 


Dickey, Lovick E., Jr., Hosss, R. J. W., and 
SHERRILL, Jon D., Sr. Vertebra plana and 
the histiocytoses; report of a case with in- 
volvement of five vertebrae. ¥. Bone & Foint 
Surg., Dec., 1955, 37-4. 1261-1265. (From: 
Crippled Children’s Hospital, Medical Col- 
lege of Alabama, Birmingham, Ala.) 
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Among the more recent theories as to the cause 
of so-called Calvé’s disease of the spine is one advo- 
cating that the disease is due to eosinophilic granu- 
loma, Hand-Schiiller-Christian disease or one of the 
other reticuloses. 

The present report deals with a three year old Ne- 
gro child who had pain and spasm in the cervical re- 
gion and pain and limitation of motion in the back 
and left hip. 

Roentgenograms revealed collapse of the vertebral 
bodies of D8, Dio, D11, D12 and L2. Destructive 
lesions were also present in the pelvis and both fem- 
ora. 

A biopsy revealed evidence of cholesterol histio- 
cytosis showing features of Letterer-Siwe disease, 
eosinophilic granuloma as well as Hand-Schiiller- 
Christian disease. 

Further lesions also developed in this child’s skull, 
right humerus and rib cage. Roentgen therapy was 
applied to these various lesions with varying degrees 
of regeneration of bone. Eighteen months later the 
patient had no deformity and was asymptomatic. 

The lack of signs and symptoms, the absence of 
changes in the blood chemistry and the tendency to 
recover regardless of the type of treatment given are 
features of both so-called Calvé’s disease and eosin- 
ophilic granuloma.—Wallace M. Roy, M.D. 


BLoop AND LympH SysTEM 


FiscHer, E. Ein neues Zeichen des Kollateral- 
kreislaufs bei der Aortenisthmusstenose. (A 
new sign for the collateral circulation in 
coarctation of the aorta.) Fortschr. a. d. Geb. 
d. Réntgenstrahlen ver. m. Réntgenpraxts, 
Dec., 1955, 87, 861-865. (From: Medizinische 
Klinik der Universitat, Kiel, Germany.) 


Among the indirect signs for the diagnosis of co- 
arctation of the aorta are rib erosions, erosions about 
the neck of the scapula and filling defects in the wall 
of the esophagus, all due to enlarged collateral ar- 
teries. Direct signs of this collateral circulation are 
the dilated subclavian artery, the dilated internal 
mammary artery and the widening of the medias- 
tinum by anastomotic vessels. 

The author adds another direct sign which he 
fovnd to be present in two out of seven cases of co- 
arctation of the aorta. The thoracodorsal artery can 
at times be demonstrated on a chest film in the fat 
containing space between the soft tissue shadow of 
the latissimus dorsi muscle and the serratus lateralis 
when it has become dilated and tortuous as a part 
of the collateral circulation. Normally it cannot be 
visualized. In the case of an elderly individual it 
also showed calcification. In another case the shadow 
was proved to be the enlarged collateral artery by 
angiography.—Hans W. Hefke, M.D. 


LessMANN, Franz, P., and ScHOWINGER von 
ScHOBINGER, RosBert. Intra-osseous venog- 
raphy; in skeletal and soft tissue abnormali- 
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ties. Acta radiol., Nov., 1955, 44, 397-409. 
(From: Departments of Diagnosite Radi- 
ology and Surgery, Roswell Park Memorial 
Institute, Buffalo, New York.). 


Visualization of blood vessels in and about a 
pathologic process has become a recent important 
advance in roentgenologic demonstration. The au- 
thors review their experience with intra-osseous 
venography. They review the anatomy and path- 
ology of the azygos and hemi-azygos veins of the chest 
and mediastinum, and of the vertebral plexus of veins. 

The technique of the intra-osseous injection of 
70 per cent urokon is described in detail and several 
clinical case reports are given. In a case of metastatic 
lesion of T-12, the intra-osseous injection was made 
into the spinous process of L-1 and showed a block 
of the vertebral plexus plus collateral circulation into 
the inferior vena cava. In a case of bronchiogenic 
carcinoma of the right upper lobe, contrast injection 
into the 9th rib showed no filling of the azygos sys- 
tem above this level while intra-osseous injection 
into the second rib showed that the arch of the 
azygos vein was not obstructed. Repeat studies on 
this patient carried out after radiation therapy showed 
a recanalization of the azygos vein which was well 
outlined up to the superior vena cava. A general 
discussion of findings in 45 cases with over 80 
injections into bone marrow is given.—Richard E. 
Kinzer, M. D. 


HeELANDER, C. G., and LinpBom, A. Sacrolum- 
bar venography. Acta radiol., Nov., 1955, 44, 
410-416. (From: Roentgendiagnostic De- 
partment, Karolinska Sjukhuset, Stockholm, 
Sweden.) 


Reference is made to the existence of the venous 
plexuses of the vertebral canal and the possibility 
of visualizing them by contrast filling during com- 
pression of the inferior vena cava. The authors 
point out the possible diagnostic value of visualizing 
these vessels and describe their method of placing 
catheters in both femoral veins close to the internal 
iliac veins. The inferior vena cava was blocked with 
a football type bladder pressed against the abdomen 
during the injection of 35 per cent diodrast. 

Seventy-five patients were thus examined. When 
the inferior vena cava was effectively obstructed, 
there was a passage of contrast material through the 
internal iliac veins into the presacral vessels and then 
into the veins in the vertebral canal. The contrast 
material also outlined the ascending lumbar veins 
and other veins along the lateral aspects of the lum- 
bar vertebrae. 

Five cases with explanding lesons in the vertebral 
canal were examined. All showed abnormal filling 
of venous plexuses adjacent the pathologic proc- 
esses.—Richard E. Kinzer, M.D. 


Auric, G. Der Nachweis ortlichen Geschwulst- 
wachstums durch Kontrastdarstellung ab- 
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dominaler Gefasse. (Demonstration of localiz- 
ed tumors through contrast visualization of 
abdominal vessels.) Fortschr. a. d. Geb. d. 
Réntgenstrahlen ver. m. Réntgenpraxis, Oct., 
1955, 83, 490-498. (Address: Liebigstr. 20 a, 
Leipzig C 1, Germany.) 


The author reports his experiences with aortog- 
raphy and lienoportography in the diagnosis of 
localized tumors in the abdomen. These procedures 
are useful when routine methods fail. 

The following cases are discussed and illustrated: 

(1) Aortography, metastases from hypernephroma 
causing displacement of splenic vessels; fibrolipoma 
with displacement of aorta and renal artery; hyper- 
nephroma; carcinoma of renal pelvis; and cyst of 
kidney. 

(2) Percutaneous lienoportography, inoperable 
gastric carcinoma with narrowing of splenic vein and 
liver metastases.—Frederick M. Reis, M.D. 


NorDENSTROM, ByOrN. A method of angiog- 
raphy of the azygos vein and the anterior in- 
ternal venous plexus of the spine. Acta radiol., 
Sept., 1955, 44, 201-208. (From: Roentgen 
Department, Sabbatsbergs Sjukhus, Stock- 
holm, Sweden.) 


This article deals with an investigation of the col- 
lateral circulation of the inferior vena cava after 
obstruction or ligation of that vessel. The main objec- 
tive was to investigate the possibilities of angiog- 
raphy of the azygos system. 

Occlusion of the inferior vena cava was obtained in 
13 dogs which were in a state of narcosis produced 
by nembutal administered intraperitoneally. A 
double-lumen catheter with an inflatable balloon 
connected to one tube, the other lumen opening 
proximal to the balloon, was threaded up the saphe- 
nous or femoral vein into the inferior vena cava, with 
the aid of fluoroscopic guidance. The cava was oc- 
cluded by filling the balloon with a 35 per cent solu- 
tion of iodopyracet. One to 1.5 mg. of heparin per 
kilogram of body weight was injected through the 
free catheter. After occlusion of the inferior vena 
cava, a 70 per cent solution of tri-iodoacetylamino- 
benzoate was rapidly (2 to 3 seconds) injected 
through the proximal catheter in amounts of 1 ml. 
per kilogram of body weight, and seven to eight 
roentgenograms were made at intervals of 1 second, 
usually in the anteroposterior projection. 

The effect on venous and arterial pressures during 
occlusion of the inferior vena cava was studied by 
means of catheters placed in a femoral artery and 
vein. It was found that when occlusion was brought 
about below the renal veins, arterial pressure be- 
came moderately reduced, while venous pressures 
increased moderately. When the occlusion was 
abolished, recovery of the original pressure values 
was fairly prompt. When the occlusion was estab- 
lished above the opening of the hepatic veins, the 
decrease in arterial pressure was catastrophic, while 
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the increase of venous pressure was insignificant. 

When angiography was performed while the vena 
cava was obstructed between the renal and hepatic 
veins, excellent visualization of the internal venous 
plexus of the dorsal, lumbar and sacral segments of 
the spinal column was obtained, and the azygos vein 
also was opacified. When the angiogram was done 
after occlusion below the renal veins, similar con- 
trast filling was obtained, and at the same time filling 
of the pelvic veins occurred. 

In 12 animals no complications occurred. One dog 
died on the second day as a result of hemorrhage, 
presumably because a ligature on a femoral vein had 
slipped.—André F. Bruwer, M. D. 


ScHRADER, E. A. Die Komplikationen der 
translumbalen Aortographie; ihre Erlarung 
und Vermeidung; Erfahrungen mit dem 
neuen Kontrastmittel Urografin. (The com- 
plications of translumbar aortography; their 
clarifications and avoidance; experiences with 
the new contrast medium, urografin.) 
Fortschr. a. d. Geb. d. Réntgenstrahlen ver. m. 
Réntgenpraxis, Oct., 1955, 837, 467-489. (Ad- 
dress.: Luruper Hauptstrasse 225, Hamburg, 
Germany.) 


Serious complications are usually the result of 
injection into a branch of the aorta, such as the renal 
artery or the mesenteric arteries. This is best avoided 
by puncturing the abdominal aorta at the level of 
L3-L4. After introduction of the cannula, this is 
carefully moved back and forth and if blood flow 
continues, the cannula is in the aorta. 

Using two small cannulas instead of one large one 
is the best way of avoiding thrombosis of aortic 
branches. Even if one of the cannulas should be in a 
smaller vessel, only one half of the material will be 
injected into it. The most skilled operator may some- 
times inject into the paravascular tissues. Urografin 
causes the least discomfort; the only reaction seen was 
a feeling of warmth. Thrashing about by the patient 
is avoided because no pain is felt and poor films due 
to movement are eliminated. Postinjection hema- 
tomas and aneurysms were not seen. In suitable 
patients re-examination is possible using up to 100- 
120 cc. of urografin. 

Spinal cord injuries are avoided by eliminating 
compressing objects between the prone patient’s 
abdomen and table top and by injection at the L3- 
L4 level. 

Although in experimimental animals injection of 
contrast material into the ascending aorta causes 
considerable changes in circulation, no changes were 
noted in human beings, even in cases with extensive 
arterial occlusion and consequent increase in periph- 
eral resistance. 

No pathalogic changes in circulation or respiration 
were seen with use of urografin.—Frederick M. Reis, 
M.D. 
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Ho.esH, S. Unusual x-ray appearances in 
Hodgkin’s disease. Proc. Roy. Soc. Med., 
Dec., 1955, 72, 1049-1052. (From: Diagnostic 
Radiological Department, Westminster Hos- 
pital, London, England.) 


This is a brief summary of some of the more unu- 
sual manifestations of Hodgkin’s disease, from a 
series of 300 cases collected over fifteen years. 

The author stresses the importance of an early 
complete survey to accurately assess the extent of 
the disease with regard to proper treatment. 

He points out that Hodgkin’s disease in the chest 
may mimic many conditions such as sarcoidosis, 
tuberculosis and carcinoma. Large unilateral lesions 
may simulate a dermoid, substernal thyroid, thy- 
moma, lipoma or bronchogenic cyst. 

Skeletal lesions may be osteolytic, osteoblastic or 
mixed and may resemble metastases or occasionally 
a primary bone tumor. 

Visceral lesions are usually later in developing and 
may simulate previous malignancy.—George L. 


Sackett, Fr., M.D. 


Sr. C. Symme_ers, W. Simulation of cancer by oil 
granulomas of therapeutic origin. Brit. M. F., 
Dec. 24, 1955, 2, 1536-1539. (From: De- 
partment of Pathology, Charing Cross Hos- 
pital and Medical School, London, England.) 


This article reviews the subject of foreign body 
granulomas and offers the records of 6 patients who 
presented tumors which grossly resembled malignant 
masses but were due to an oil granuloma. Four of the 
patients were subjected to unnecessary radical sur- 
gical procedures because the clinical diagnosis was 
not confirmed preoperatively by biopsy or frozen 
section. 

The following cases are reported: 1) anal oleo- 
granuloma following phenol in almond oil injections 
for hemorrhoids three years earlier; 2) ischiorectal 
oleogranuloma after packing of abscess cavity with 
paraffinized gauze one month earlier; 3) breast oleo- 
granuloma following packing of abscess cavity with 
medicated paraffin paste two months earlier; 4) 
scrotal oleogranuloma following injection of hydro- 
cele six months earlier with niaoul oil in liquid paraf- 
fin; 5) gluteal oleogranuloma following injections 
eighteen months prior with bismuth in a creocamph 
base; and 6) intramuscular thigh oleogranuloma de- 
veloping 18 months after injections of penicillin with 
beeswax in oil. 

Vegetable oils are commonly believed to cause 
little reaction in tissue, whereas mineral oils are 
regularly expected to cause a granulomatous re- 
sponse. Animal oils occupy an intermediate position 
in their ability to elicit reaction. Evidence of a po- 
tential harmfulness of vegetable oils is seen in the 
occasional development of oleogranulomas that have 
been reported after myelography, hysterosalpingog- 
raphy, and bronchography. Oleoperitoneum, oleo- 


June, 1956 


thorax and oleopneumonia (lipoid pneumonia) are 
more common examples of granulomatous response 
to oily substances. 

Although oleogranulomas produce tumor-mimick- 
ing masses grossly, biopsy is essential in avoiding 
mistaken diagnosis. There does not appear to be any 
record of cancer developing at the site of an oleo- 
granuloma.— ohn W. Wilson, M.D. 


Craic, RicHarp M., PucuH, Davin G., and 
SouLtE, Epwarp H. The roentgenologic 
manifestations of synovial sarcoma. Radiol- 
ogy, Dec., 1955, 65, 837-846. (From: Mayo 
Clinic and aie Foundation, Rochester, 
Minn.) 


The authors present the clinical and roentgenologic 
findings in 24 cases of synovial sarcoma observed at 
the Mayo Clinic in a 10 year period. The average age 
of the patients was 31.§ years, approximately two- 
thirds of them being between 15 and 40 years of age. 
There were 16 males and 8 females. A soft tissue 
tumor or swelling in a joint was usually the first 
symptom or sign of the disease. 

Synovial sarcomas are relatively rare malignant 
neoplasms, usually associated with synovium-lined 
structures. They frequently arise near, but not 
necessarily from the synovium of joint capsules, 
bursae, and tendon sheaths. The most common sites 
for synovial sarcoma include the knee, foot, thigh, 
ankle, hand, and elbow. The tumor metastasizes 
via the blood and lymph channels. Metastatic in- 
volvement of the lungs is particularly common and 
frequently occurs early. 

The roentgenologic diagnosis of synovial sarcoma 
is suggested by the presence of (a) a homogeneous 
soft-tissue mass near a joint; (b) irregular calcifica- 
tion within the tumor; and (c) secondary invasion 
of contiguous bone.—4. W. Sommer, M.D. 


RADIATION THERAPY 


BrinpLey, H. H., CHaries, and 
FERNANDEZ, Juan N. Fibrosarcoma of the 
extremities; review of forty-five cases. 7. 
Bone & Foint Surg., June, 1955, 37-4, 602- 
608. (From: Departments of Orthopedic Sur- 
gery, and Surgical Pathology and Patho- 
logical Anatomy of the Scott and White 
Clinic, Scott and White Memorial Hospitals, 
and Scott, Sherwood and Brindley Founda- 
tion, Temple, Texas.) 


In this excellent article the authors review the 
literature and report their study of fibrosarcoma of 
the extremities. The study was based on 45 cases 
collected during a twelve year period at the Scott 
and White Clinic. 

Fibrosarcoma arises from fibroblasts often with a 
pseudocapsule of adjacent compressed tissue. The 
possibility that adjacent connective tissue has a 
predilection for malignant change is suggested. 

Except for irradiation fibromatosis, trauma is not 
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felt to be related to the etiology of this neoplasm. 
One patient in the series had malignant degeneration 
of a benign lesion, but the precipitating factor of such 
transformation is still undetermined. 

The authors noted no significance in occurrence 
of fibrosarcoma as regards sex. The thigh was the 
most common site with nearly two-thirds of the 
neoplasms occurring in the lower extremity. The 
presence of a mass was the most common symptom, 
and in 80 per cent of cases symptoms were present 
for at least six months. Microscopic examination is 
the only definite diagnostic method. 

Most of the authors’ cases which died had metas- 
tases to the lungs. Other sites of distant spread 
included lymph nodes and abdomen. Recurrence 
following excision was noted in over half of the 
cases, being evident on an average of ten months 
following primary treatment. 

The authors report a five year survival rate of 72 
per cent and 53 per cent for female and male pa- 
tients respectively. They, however, feel that sex, 
age and location of the malignancy have no real 
bearing on prognosis. 

As regards treatment of the primary lesion, ir- 
radiation appears to be of doubtful value unless 
surgery is not feasible. Local excision and radical 
surgery can be successful in primary, and also in 
recurring, lesions. The theory that fibrous tissue, 
surrounding and adjacent to fibrosarcoma, may 
have the capacity and predisposition for malignant 
change is stressed as evidenced by the high percent- 
age, locally, of recurrences and the development of 
multiple fibrosarcomata in the same region. The 
authors feel that the treatment of choice is radical 
local excision of the tumor and adjacent fibrous tissue 
(including muscle tissue if the tumor is arising in 
intermuscular connective tissue) and _ primary 
amputation for cases where radical local excision is 
not feasible, or with recurrences.—Paul C. Harding, 
M.D. 


Desaive, L’épithélioma osseux cylin- 
dro-stellaire. (Cylindro-stellate cell osseous 
epithelioma, called adamantinoma.) 7. de/ge 
de radiol., 1955, 38, 290-374. (From: Centre 
Anticancéreux prés l'Université de Liége, 
Liége, Belgium.) 


An exhaustive study of the subject is presented. 
Clinical, radiographic and biopsy findings of ten 
cases observed by the author are discussed in detail. 
A table covers schematically the world literature of 
those cases with proven metastases, whereas a 
second one gives in concise form the differential 
diagnosis of adamantinoma. The resemblance of the 
cylindrical epithelial cells to the ameloblastic epithe- 
lium of the developing enamel organ and of the 
stellate cells to the reticulum of the enamel cap was 
the reason to designate this tumor by such terms 
as adamantinoma, enameloma, ameloblastoma, or 
adamantine epithelioma. However, these terms 
imply that the tumor is of embryonic nature. This 
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implication being far from certain, the author prefers 
the purely descriptive term of cylindro-stellate 
epithelioma. These cells are epithelial in nature and 
definitely ectodermic in origin. The two characteris- 
tic cell types are cylindrical cells aligned regularly 
and vacuolated cells with stellate nuclei. Various 
gradations between these two cell types can also be 
noted. All these are suported and nourished by a 
well vascularized connective tissue stroma. Even 
though the growth of the tumor is very slow and 
metastases very rare, yet because of its locally 
destructive evolution and common recurrence after 
excision, it should be considered definitely malig- 
nant. 

Three theories of pathogenesis discussed are, the 
adamantine (enamel organ) origin, the endothelial 
cell origin and the adult epithelial cell origin. The 
author favors the last theory and explains the long 
bone or tibial cases as being caused by subperiosteal 
inclusion (congenital) or forcing (due to trauma) of 
the basal layer of the epidermis, which after years 
of latency ultimately develops into a true cylindro- 
stellate cell epitheloma of the bone. 

This is a rare tumor comprising 2 per cent of all 
the maxillary neoplasms. Most of the cases are be- 
tween 10 and 35 years of age. There has been one 
case noted at birth and another at the age of 78. 
There appears to be a racial predisposition, the 
neoplasm being more frequent among colored and 
Chinese people. The most common sites are the 
mandibles, then, in order of decreasing frequency, 
maxillary bones, base of the skull near the sella 
turcica, immediate proximity of the mandibulo- 
facial prominence, internal aspects of the face, the 
long bones (especially the tibia) and the teratog- 
enous organs like the ovary. Of the ten cases of the 
author seven were mandibular in site, one was pre- 
parotidic and two were tibial. Predisposing factors 
are traumatism, rickets and intra-uterine measles. 

Roentgen examination shows osteolytic lesions of 
three varieties, areolar, multilocular (of larger 
cavities) and unilocular (a large cavity circum- 
scribed by a dense zone). The areolar variety is rare 
and seems to be present in the initial stages of the 
tumor. The multilocular variety is the most frequent. 

For differential diagnostic purposes lack of 
sequestration tends to rule out osteomyelitis. No 
bony spicules can be noted as in osteogenic sarcoma. 
No definite lamellation can be demonstrated as in 
osteoclastoma. No calcifications comparable to 
those of an odontoma are present. Osteolysis is less 
pronounced and less diffuse than in hemangioma or 
in carcinomatous metastases. Post-traumatic cysts 
in contrast have more regular and uniform walls. 
A syphiloma is accompanied by periosteal reaction. 
A tuberculoma has an irregularly destructive outline 
and is accompanied by adjacent adenopathy. The 
reticulo-endothelioma of Ewing is osteolytic cen- 
trally. A biopsy of the tumor is not advisable unless 
immediate surgery is performed in case of positive 
diagnosis as there is danger of causing a secondary 
infection and a subsequent fistula. 
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Prognosis is directly related to the extension of the 
tumor and hence the earlier the diagnosis is made the 
better the prognosis. Development of the tumor 
averages 8 years. Recurrence after excision would be 
of more serious prognosis. 

Treatment is preferably total excision followed by 
local irradiation as the tumor cells are somewhat 
radiosensitive. A tumor dose of 6,000 r (roentgen or 
gamma) is usually adequate. This helps in retarding 
the growth of the tumor and in relieving pain. 
Radium and cobalt 60 have also been used in con- 
junction with rotation for the cranial and sphenoidal 
adamantinoma postoperatively. 

Three of the ten cases of the author (all mandib- 
ular) died after a long period (37, 25 and 7 years). 
Seven are alive and symtomless after surgical exci- 
sion in two of which removal was followed by radium 
treatment.—7. N. Sarian, M.D. 


Finney, R. Dupuytren’s contracture. Brit. 7. 
Radiol., Nov., 1955, 28, 610-614. (From: 
Radiotherapy Department, Newcastle Gen- 
eral Hospital, Newcastle-upon-Tyne 4, Eng- 
land.) 


Dupuytren first described the characteristic 
contracture of the palmar fascia named for him in 
1831, but the etiology of the condition remains un- 
known. Several investigators have shown that not 
only a fibroblastic proliferation occurs in the palmar 
fascia, but an additional extrafascial reaction be- 
comes evident at an early stage. The latter is an 
“inflammatory” reaction analogous to the early 
changes found in keloid and hypertrophic scars. 

The author analyzed 34 recent cases with respect 
to initial clinical signs and symptoms. He concluded 
that (a) the contracture may be present either as 
skin nodularity, or as fibrosis and contracture of the 
palmar fascia, (b) the nodularity has no specific 
relationship to the origin of the triangular portion 
of the deep fascia, and (c) Meyerding’s theory of 
primary interstitial connective tissue origin of the 
changes coincides with the clinical findings in the 
majority of cases. 

In the past the treatment of choice has generally 
been surgical, involving either subcutaneous fasciot- 
omy or more radical procedures. Radical fasciec- 
tomy has been more valuable in the younger age 
groups than in the elderly individuals who are more 
prone to recurrence and postoperative stiffness. 
Radiation therapy either alone or in conjunction 
with surgery has been employed for many years with 
proven good results. The cellularity in the early 
stages and the histologic resemblance to keloid 
lends credence to this form of therapy which 
suppresses round cell infiltration and may interrupt 
the mitotic cycle of the fibroblastic proliferation. 
Gamma-irradiation may be used using a planar 
mould or a linear source grip cylinder giving a skin 
dose of 3,000 r in seven to eight days. The author 
has more recently been using medium voltage roent- 
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gen therapy (140 kv., 5 ma., h.v.l. 5.7 mm. Al.) 
giving a skin dose of 1,500 r in three applications in 
five days. 

The results of 43 treated cases are summarized. Of 
these 23 had a good functional result using radiation 
therapy alone. Roentgen irradiation appeared to 
give earlier response in both time of first improve- 
ment and time of maximum improvement, but the 
overall results were comparable-—Arch H. Hall, 
M.D. 


Trout, E. Date, Joun P., Lucas, 
ArTHUR C., and Furno, Epwarp J. Isodose 
curves for superficial therapy. Radiology, 
Nov., 1955, 65, 703-744. (Address: General 
Electric Company, X-Ray Department, 
Milwaukee, Wisc.) 


Isodose curves for the low voltages and small 
fields used in superficial roentgen therapy have been 
the subject of few publications. The authors, there- 
fore, considered it worthwhile to explore this subject 
at some length as it was thought that some sig- 
nificant information might be developed regarding 
the radiation at the edges of such fields and that this 
might be of value in correlating the size of the lesion 
and the size of the field required for an adequate 
dose. 

In this study, a modified Royal Cancer Hospital 
probe with a 0.28 mm. wall of air-equivalent mate- 
rial was used. This chamber was calibrated against 
a 25 r Victoreen thimble chamber previously cali- 
brated at the National Bureau of Standards. A plot 
of the wave length dependence was drawn. 

Experiment showed that an error was introduced 
in measurements by the shadow cast by the metal 
stem of the probe. This error was eliminated by re- 
placing the previously used aluminum cylinder with 
a polystyrene rod. Having a density essentially 
that of the phantom material, the stem became effec- 
tively a part of the phantom. 

Phantom material used was that devised by 
Jones and Raine and commonly known as Mix-D. 
This material is a solid and is much easier to handle 
than a water phantom. The phantom was 12 inches 
in all dimensions and thus should represent an 
infinite volume for the small fields and voltages 
under consideration. 

Field definition was provided by lead diaphragms 
% inch thick suspended just above the surface of the 
phantom. Studies were made to determine whether 
there would be any significant difference in data ob- 
tained with a diaphragm of this type and observa- 
tions made with conventional superficial therapy 
cones. While there was slight difference in the sur- 
face dose, due to the scattering from the walls of 
the cones, there was no essential difference in the 
central axis depth dose or the shape of the isodose 
curve. 

Studies were made for three distances in wide use 
for superficial therapy, namely 15 cm., 21.5 cm., and 
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30 cm. Voltage and filtration were adjusted to give 
half value layers of .5, 1.0, 2.0, 2.5, 3.0, and 4.0 mm. 
aluminum and 0.5 mm. copper. Two sources of radia- 
tion were used. One was a 100 kv. self-rectified super- 
ficial therapy unit, and the other a 250 kv. 1 self- 
rectified unit. Both units had beryllium windows. 

A large number of depth dose tables and isodose 
curves for the above mentioned techniques are 
included.—A. Ralph Watson, M.D. 


Gutrmann, Rutu J. Two million volt irradia- 
tion therapy for inoperable carcinoma of the 
lung. Cancer, Nov.—Dec., 1955, 8, 1254-1260. 
(From: Francis Delafield Hospital, Colum- 
bia University College of Physicians and 
Surgeons, New York, N. Y.) 


One hundred patients with inoperable cancer of 
the lung were treated from January, 1951 to October, 
1954 with two million volt radiation. It is possible 
to deliver a tumor dose of 6,000 r in six weeks 
through two opposing fields of up to 15X15 cm. 
in most patients with only minimal skin erythema or 
systemic discomfort. Many patients were terminal 
at the time of treatment, but 84 were followed for 
three months or longer, 27 for more than one year, 
11 have reached two years, 1 more than three, and 1 
more than four years. 

Autopsies were performed on 14 patients, 3 of 
whom showed complete control of the primary 
lesion. All of the patients who lived longer than 
eighteen months received a tumor dose of 5,000 r in 
five weeks or 6,000 r in six weeks. These results are 
sufficiently encouraging to warrant continuation of 
this form of therapy.—R. Kenneth Loeffler, M.D. 


Becker, J., R., and Wacusmann, F. 
Dosisverteilung bei Kreuzfeuer- und Be- 
wegungsbestrahlung beim Betatron. (Dose 
distribution with cross-firing and moving 
field therapy with the betatron) Strah/enther- 
apie, Oct., 1955, 98, 297-307. (From: Czerny- 
Krankenhaus fiir Strahlenbehandlung der 
Universitat, Heidelberg, and Betatron-Ab- 
teilung der Siemens-Reiniger-Werke, A. G., 
Erlangen, Germany.) 


The combined use of ultrahard radiation (betatron 
and such supervoltage radiation as from a cobalt 
source) and some form of moving field therapy is 
advantageous. This opinion is voiced to oppose re- 
cently published statements that the use of ultra- 
hard radiation makes moving field therapy super- 
fluous. 

Moving field therapy, in combination with ultra- 
hard radiation, permits: (1) Further and material 
reduction of the skin dose, (2) the dose of radiation 
to intervening normal tissue to be smaller and more 
evenly distributed, (3) advantageous shaping of the 
isodose curves to the volume of the tumor.—Henry 
G. Moehring, M.D. 
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apie der Induratio penis plastica. (Etiology, 
clinical features and therapy of plastic in- 
duration of the penis.) Strahlentherapie, 
Sept., 1955, 98, 104-118. (From: Strahlen- 
institut der Philipps-Universitat Marburg 
/Lahn, Germany.) 


A variety of etiologic speculations, clinical fea- 
tures and therapeutic methods is discussed. The 
author reports up to 80 per cent of patients improved 
or cured by radiation therapy. He prefers adminis- 
tering roentgen rays (130 kv. with 4 mm. Al filter, 
half-value layer of approximately 0.25 mm. Cu) in 
four daily doses of 150 r, followed by daily doses of 
200 r to a total of approximately 4,000 r. Radiation 
is administered only to the indurated plaque, pref- 
erably through two ports at right angles to each 
other, and in any event with all regional normal 
tissues well shielded with lead rubber. He avoids 
high dosage to any one portion of the penile skin by 
displacing the loose skin over the plaque so that, as 
much as possible, different areas of the skin are 
exposed at different treatments.—Henry G. Moeh- 
ring, M.D. 


Danneccer, M., and Péscut, M. Rontgen- 
bestrahlung des Pankreas. Versuche an 
weissen Ratten. (Roentgen irradiation of the 
pancreas. Experiments in white rats.) Strah- 
lentherapie, Nov., 1955, 98, 355-365. (From: 
Chirurgische Universitatsklinik und R6nt- 
gen-Institut bei der Chirurgischen Universi- 
tatsklinik, Miinchen, Germany.) 


Irradiation of the normal pancreas in white rats 
gave these results: 

1. A single large dose, up to 2,000 r, produced 
different variations in the diastase blood-level; 
diabetes did not develop. 

2. Fractionated, moderate doses, 200-400 r per 
dose to a total of 4,000 r, produced periodic waves in 
the blood-level of diastase; the waves had some re- 
semblance to the skin’s reaction to radiation. 

3. Single small doses of g0 r depressed blood-levels 
of diastase for from 2~5 days after irradiation. 

Irradiation of the inflamed pancreas (the artificial 
pancreatitis was induced by sodium taurocholate and 
forced reflux of bile into the pancreatic ductal sys- 
tem) in white rats gave these results: 

1. Both single and fractionated large doses caused 
a rise in the blood-level of diastase. 

2. Small doses caused no change in the blood- 
level of diastase from that in the controls; however, 
the irradiated animals survived longer than the 
controls. 

Based on the last observation, small doses of 
roentgen radiation are recommended in the treat- 
ment of pancreatitis.—Henry G. Moehring, M.D. 
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Purdy Stout, 174 
Atomic Medicine. By Charles F. Behrens, 174 
Tumors of the Retroperitoneum, Mesentery, 
and Peritoneum. Atlas of Tumor Pathol- 
ogy. Section VI—Fascicles 23 and 24. By 
Lauren V. Ackerman, 174 
Tumors of the Major Salivary Glands. Atlas of 
Tumor Pathology. Section 1V—Fascicle 11. 
By Frank W. Foote, Jr., and Edgar L. 
Frazell, 175 
Tumors of the Soft Tissues. Atlas of Tumor 
Pathology. Section IIl—Fascicle 5. By 
Arthur Purdy Stout, 175 
Studies on the Determination of Fibrinogen in 
Human Blood Plasma; Studies on the 
Trypsin and Plasmin Inhibitors in Human 
Blood Serum. The Scandinavian Journal of 
Clinical & Laboratory Investigation. Sup- 
plement 14. By Kjell Jacobsson, 630 
Roentgenographic Technique. By Darmon Ar- 
telle Rhinehart, 630 
Histopathology of the Skin. By Walter F. Lever, 
631 
Radiation Biology. Volume I. High Energy 
Radiation. Part I and Part II. By Alex- 
ander Hollaender, 631 
Grundlagen der R6ntgendiagnostik und Rént- 
gentherapie. By G. Schulte and F. Kuhl- 
mann, 631 
Blood Volume, Hemolysis and Regeneration of 
Blood in Pernicious Anemia. The Scandi- 
navian Journal of Clinical & Laboratory 
Investigation, Supplement 16. By Leif 
Hallberg, 632 
Semeiotica Neuroradiologica. By Mario Lenzi, 
632 
Die objektive Stereoskopie an Réntgenbildern; 
Eine diagnostische Methode. By A. Hassel- 
wander, 812 
On Burns. By Nathan A. Womack, 812 
Endemic Goiter; the Adaptation of Man to 
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Iodine Deficiency. By John B. Stanbury, 
Gordon L. Brownell, Douglas S. Riggs, 
Hector Perinetti, Juan Itoiz, and Enrique 
B. Del Castillo, 812 

The Chest; a Handbook of Roentgen Diagnosis. 
by Leo G. Rigler, 813 

Osteosklerose und Knochenmarkfibrose. By 
Rudolph Stodtmeister and Stefan Sand- 
kuhler, 813 

Applicazioni della stratifrafia assiale trasversa 
in pediatria. By R. Bulgarelli, G. Sansone, 
C. Lombroso, G. Corradi, P. Durand, E. 
de Toni, G. de Toni, A. de Maestri, N. 
Macarini and L. Oliva, 814 

Atlas of Exfoliative Cytology. By George N. 
Papanicolaou, 815 

Radio-Anatomie Générale de la Téte. By Robert 
Aubaniac and Jacques Porot, 816 

Anatomie Radiographique du Massif Facial. By 
Maurice Bouchet and Georges Dulac, 816 

Consolidated Indices. Volume IV. Author and 
Subject: 1948-1952 (Vol. 59-68), of The 
American Journal of Roentgenology, Ra- 
dium Therapy & Nuclear Medicine. By the 
Publication Committee and the Editorial 
Office of the American Roentgen Ray 
Society, 817 

Analytical Cytology. Newer Methods for Study- 
ing Cellular Form and Function. By Robert 
C. Mellors, 817 

Lipoproteins in Serum, from Normal Persons 
and from Patients with Chronic Liver 
Disease. The Scandinavian Journal of 
Clinical & Laboratory Investigation, Sup- 
plement 21. By Inger-Louise Marner, 818 

The Hypophyseal Growth Hormone, Nature 
and Actions. By Richmond W. Smith, Jr., 
Oliver H. Gaebler and C. N. H. Long, 818 

Der Herzkatheterismus bei angeborenen und 
erworbenen herzfehlern. By Otto Bayer, 
Franz Loogen, and Hans Helmuth Wolter, 
81g 

Tumors of Lymphoid Tissue. By George Lumb, 
81g 

Fourth Annual Report on Stress. By Hans 
Selye and Gunnar Heuser, 820 

Grenzen des Normalen und Anfange des 
Pathologischen im Roéntgenbilde des Skel- 
ettes. By A. Kohler and EF. A. Zimmer, 
1008 

Clinical Radiology of the Ear, Nose and Throat. 
By Eric Samuel, 1008 

The Auger Effect and Other Radiationless 
Transitions. By E. H. S. Burhop, 1008 

Multiple Myeloma. By I. Snapper and Howard 
L. Moscovitz, 1009 

Physical Foundations of Radiology. By Otto 
Glasser, Edith H. Quimby, Lauriston S. 
Taylor and J. L. Weatherwax, 1010 
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Gyndakologische Rontgendiagnostik. By Ginter 
K. F. Schultze and Joachim Erbsléh, toro 
Grenz Ray Therapy. Principles, Methods, Prac- 
tice. By Gustav Bucky and Frank C. 
Combes, 1010 
Clinical Roentgenology. Volume III. The Lungs 
and the Cardiovascular System, Emphasiz- 
ing Differential Considerations. By Alfred 
A. de Lorimier, Henry G. Moehring and 
John R. Hannan, to11 
Symposium on Physiologica! Effects of Radia- 
tion at the Cellular Level. Oak Ridge Na- 
tional Laboratory, Oak Ridge, Tennessee, 
Actions Chimiques et Biologiques des Radia- 
tions. By M. Haissinsky, 1012 
The Atomic Nucleus. By Robley D. Evans, 1201 
Annual Review of Nuclear Science. Volume 3. 
By J. G. Beckerley, 1201 
Isotopic Tracers. By G. E. Francis, W. Mulli- 
gan, and A. Wormall, 1203 
Proceedings of the Second National Cancer Con- 
ference—1g52. Volumes I and II. Pub- 
lished by American Cancer Society, Inc., 
National Cancer Institute of the U. S. Pub- 
lic Health Service and American Associa- 
tion for Cancer Research, 1204 
Radioisotopes in Biology and Agriculture. Prin- 
ciples and Practice. By C. L. Comar, 1206 
BowEL, reversed rotation of, causing acute intestinal 
obstruction (ab), 833 
Harry H., 1884-1955, obituary, 622 
portrait, 622 
BralNn, autopsy, radiomicrography of; normal pat- 
tern (ab), 658 
tumors, radioactive phosphorus in localization 
of (ab), 213 
Breast, carcinoma of, in pregnant and nursing 
patient (ab), 424 
pneumonitis following radiation therapy of can- 
cer of, by tangential technic (ab), 213 
surgical and radiation treatment of carcinoma 
of, 1162 
Broncul, main, traumatic rupture of (ab), 181 
BRONCHIECTASIS, significance of anterior segment in 
(ab), 406 
BroncHoGcrapny, bilateral; new material and tech- 
nic (ab), 182 
by aspiration of contrast media (ab), 1018 
in diagnosis of bronchogenic carcinoma in two 
patients with apparently normal chest films 
(ab), 1018 
propyliodon-Cilag, isotonic, aqueous contrast 
medium suspension for (ab), 829 
propyliodon-Cilag-suspension, new contrast me- 
dium for (ab), 828 
with dionosil (ab), 638 
with dionosil (propyliodone), 720 
with water-soluble media, current status of, 701 
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BRONCHOLITHIASIS (ab), 1017 

BRONCHOPULMONARY segments, _—roentgenologic 
method for demonstration of, in fully ex- 
panded cadaver lungs in situ, 779 


CaLcaNEAN foot deformity, development of, after 
poliomyelitis (ab), 198 
CaciFIcATION and calculus formation in series of 
seventy cases of primary hyperparathy- 
roidism (ab), 1024 
and calculus formation in upper urinary tract 
(ab), 1023 
renal, and calculus formation (ab), 1023 
Cacuul, multiple giant ureteral, goo 
CaLyceat cysts of kidney (ab), 414 
Cancer from thorotrast as diagnostic medium, 
danger of, 1188 
of floor of mouth, 515 
of thyroid in children and adolescents, associa- 
tion of irradiation with (ab), 657 
patients, why delay? Gordon Richards Memorial 
lecture (ab), 846 
research, symposium on, 172 
simulation of, by oil granulomas of therapeutic 
origin (ab), 1212 
symposium, M. D. Anderson Hospital, 401 
testicular; management of metastases, with re- 
port of new chemotherapeutic agent (ab), 
655 
Carcinorp of stomach (ab), 832 
Carcinoma, bronchial, generalized hypertrophic 
osteoarthropathy in association with (ab), 
407 
bronchogenic, bronchography in diagnosis of, in 
two patients with apparently normal chest 
films (ab), 1018 
in urinary bladder diverticulum, 925 
metastatic, of thyroid, four cases illustrating use 
of I'*! in management of, 1150 
of breast, surgical and radiation treatment of, 
1162 
of head of pancreas, radiographic diagnosis of 
(ab), 837 
of lung, inoperable, two million volt irradiation 
therapy for (ab), 1215 
of urinary bladder, therapy of, 519 
ovarian, radioactive gold in treatment of, 1117 
renal, vertebral metastasis in, 930 
CaRcINOMATOUS invasion of jaw bones roentgeno- 
graphically considered (ab), 637 
Carprac disease, euthyroid, radioiodine treatment 
of; four years of experience with two hun- 
dred thirty-one patients (ab), 653 
CarDIOANGIOGRAPHY (ab), 419 
Carpioaortic fistula (ab), 830 
Carotip occlusion, internal, collateral cerebral cir- 
culation through ophthalmic artery and its 
efficiency in (ab), 647 
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Cast syNDROME, possible (ab), 845 
Cataracts, production of, in animals by x-rays and 
fast neutrons (ab), 435 
CarHaARTIC ingestion, prolonged, roentgen ab- 
normalities of large and small intestine as- 
sociated with (ab), 642 
CEREBRAL circulation, collateral, through oph- 
thalmic artery and its efficiency in internal 
carotid occlusion (ab), 647 
veins, deep, importance of, in cerebral angiog- 
raphy (ab), 204 
CeriuM-praseodymium-144, 40 mc, beta-ray tele- 
therapy unit (ab), 651 
Cervix, lengthening and hypertrophy of (ab), 1023 
Cesium 137 teletherapy machine, automatic con- 
trolled pattern, 49 
CuHavasia of esophageal cardiac junction, multiple 
pharyngeal and esophageal diverticula, and 
hiatal hernia of stomach, 242 
Cuest, fifty years of progress in roentgenology of, 
659 
films, apparently normal, bronchography in 
diagnosis of bronchogenic carcinoma in two 
patients with (ab), 1018 
films, routine, of hospital admissions from 
standpoint of specialist in diseases of chest 
(ab), 181 
lordotic position in fluoroscopy and _ roent- 
genography of, 682 
modification of routine lateral view of, to per- 
mit visualization of superior mediastinum, 
767 
surveys, hospital administrator looks at (ab), 
180 
surveys, what the public thinks of (ab), 181 
surveys: symposium; introduction (ab), 180 
CHLORTRIMETON, value of, in prevention of immedi- 
ate reactions to 70 per cent urokon (ab), 
414 
CHOLANGIOCYSTOGRAPHY, intravenous biligrafin, ex- 
periences with (ab), 836 
CHOLANGIOGRAPHY and choledochotomy, fatal pan- 
creatic necrosis following (ab), 837 
intravenous (ab), 835 
operative (ab), 411 
CHOLECYSTANGIOGRAPHY, intravenous (ab), 1022 
CHOLECYSTOGRAPHY, Clinical and roentgenologic 
evaluation of routine 2-gram_telepaque 
dosage in (ab), 412 
intravenous, with cholografin, in infants (ab), 
412 
investigation of accuracy of (ab), 410 
routine, comparative clinical study of teridax 
(3 gm.) and telepaque (2 gm.) in (ab), 412 
CHOLEKINETIC effect of lipiodol (ab), 836 
CHOLOGRAFIN, intravenous cholecystography with, 
in infants (ab), 412 
CHONDRODYSTROPHIA calcificans congenita (ab), 
1208 
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CINEANGIOCARDIOGRAPHY, visualization of coronary 
sinus in (ab), 844 
CINEFLUOROGRAPHY; technical refinements, 63 
CINEROENTGENOGRAPHY, indirect, progress in, 56 
Circuation, collateral, of external carotid artery 
and internal artery through ophthalmic 
artery in cases of internal carotid artery 
thrombosis (ab), 843 
CircuLatory dynamics in osteitis deformans (ab), 
845 
Cravicte, double nerve canal of, as diagnostic source 
of error; contribution on foramen nervi 
supraclavicularis (ab), 197 
CLEIDOCRANIAL dysostosis with case reports (ab), 
644 
COARCTATION OF AORTA in unusual sites (ab), 647 
new sign for collateral circulation in (ab), 1210 
with patent ductus arteriosus (ab), 830 
Cosa rt 60, calibration of, using absolute ionization 
measurements (ab), 650 
gamma-ray beam, absolute calibration of (ab), 
437 
interstitial, some practical adjunctive measures 
in handling of, 1093 
unit, clinical stationary field therapy with, 91, 
117 
Cosa tt source, solid intravesical, treatment of blad- 
der growths by (ab), 650 
units, calibration of, using radium as standard 
(ab), 650 
Coin LESIONS, persistent fibrin bodies presenting as 
(ab), 1017 
Couitis, ulcerative, with dilatation of colon (ab), 
1022 
COLLOIDAL GOLD, radioactive in control of malignant 
effusions; report and analysis of 60 patients, 
1124 
Coton, duplication of; case presentation, 349 
left, and sigmoid, acute diverticulitis of (ab), 
1022 
mucous (ab), 
CoMPARATOR CHAMBER from commercially available 
components, 573 
Compressor, radiolucent pneumatic, for mucosal 
studies (ab), 408 
ConGENITAL abnormalities of feet (ab), 199 
absence of main branch of pulmonary artery 
(ab), 420 
Contrast MEDIA, bronchography by aspiration of 
(ab), 1018 
problems encountered in examination of spinal 
canal with (ab), 1025 
ConTRAST MEDIUM, new biliary, studies concerning 
use of, in normal and in liver diseases (ab), 
835 
Cook, Puitip Howarp, 1878-1954, obituary, 394 
portrait, 394 
Corcoran, WituiaM J., 1895-1955, obituary, 810 
portrait, 810 
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Coronat cleft vertebra (ab), 416 

CORONARY SINUS, visualization of, in cineangio- 
cardiography (ab), 844 

Corrtisone and ACTH, effect of, on radiation pneu- 
monitis, 530 

effect of, on radiation reaction of rat lung, 796 

Crane, Aucustus W.: 1868-1937 (ab), 434 

CRANIAL synostosis, premature, early recognition of 
(ab), 405 

CysTOURETHROGRAPHY, 884 

CysTEINAMINE (beta-mercaptoethylamine) clinical 
trial of, in radiation sickness (ab), 433 

Cystitis emphysematosa, 921 


Davin Anperson-Berry prize, 172 
Denrat bone changes occurring in sickle-cell diseases 
and abnormal hemoglobin traits (ab), 842 
roentgenographic equipment, protection in use 
of (ab), 211 
roentgenography, need for precaution in (ab), 
210 
DeurscHE RONTGENGESELLSCHAFT, 173 
Diacnostic tests that depend on_ radioisotope 
localization, 1040 
Dioprast (25 per cent iodopyracet), note on use of, 
in cerebral angiography (ab), 843 
DionosiL, bronchography with (ab), 638 
(propyliodone), bronchography with, 720 
DiscoGrarpuy and myelography, comparative studies 
of (ab), 197 
in evaluation of lumbar disk lesions (ab), 842 
Diverticuta, duodenal (ab), 832 
lateral pharyngeal, 238 
multiple pharyngeal and esophageal, hiatal 
hernia of stomach, and chalasia of esopha- 
geal cardiac junction, 242 
of gallbladder, 360 
traction, pseudo-ulceration of stomach and 
duodenum produced by, 297 
DiveERTICULITIS, acute, of sigmoid and left colon 
(ab), 1022 
DiverticULUM, congenital small bowel, ectopic 
gastric mucosa in (ab), 1g0 
urinary bladder, carcinoma in, 925 
Dosace calculations for rotation therapy; with 
special reference to cobalt 60, 1105 
Dose, absorbed, calculation of, in patient from meas- 
ured exposure in air (ab), 651 
distribution of 3-15 mev. fast electrons, and 
several physical conditions affecting radia- 
tion from Siemens medical betatron (ab), 
437 
-finding, three-dimensional, method for, in tele- 
radium therapy (ab), 650 
-time relationship in radiotherapy, 590 
-time relationships, 597 
DrosopuiLa eggs, comparative analysis of radiation 
damage of, with 180 kv. and 31 mev. (ab), 
436 
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Ductus cHOLEDOCHUS, limy (ab), 192 
DvopeEnat bulb, routine barium-gas examination of, 
291 
diverticula (ab), 832 
DvopeENnvuM and stomach, pseudo-ulceration of, pro- 
duced by traction diverticula, 297 
tumors of, benign and malignant (ab), 641 
DuPLICATION OF COLON; case presentation, 349 
DupuytTREN’s CONTRACTURE (ab), 1214 
Dysosrtosts, cleidocranial, with case reports (ab), 
644 
Dyspvasia, chondroectodermal (Ellis-van Creveld 
disease) (ab), 417 
familial metaphyseal (ab), 417 


Fiftieth Anniversary (1906-1956), 3 
A half century’s development of X-ray genera- 
tors, 166 
The debt of surgery to roentgenology, 391 
Philip Howard Cook, 1878-1954, 394 
Aubrey O. Hampton, 1 ,00~-1955, 396 
Charles W. Perkins, 1878-1954, 398 . 
The Thirty-eighth Annual Meeting of the 
American Radium Society, 620 
Harry H. Bowing, 1884-1955, 622 
The relation of thoracic surgery to roentgenol- 
ogy, 808 
William J. Corcoran, 1895-1955, 810 
Radiology and its contribution to urology, 995 
Walter H. Ude, 1896-1956, 997 
Thomas Digby Wheeler, 1892-1955, 999 
John McGregor Barnes, 1899-1956, 1001 
Nuclear medicine, 1195 
Bertram V. A. Low-Beer, 1g00-1955, 1199 
EHxLERS-DANLOS SYNDROME with ectopic bone forma- 
tion (ab), 423 
EIGHTH INTERNATIONAL CoNnGREss OF RADIOLOGY, 
1956, 629 
ELpow-joInt, arthrography of (ab), 418 
ELECTROLUMINESCENCE and light-amplifying phos- 
phors applied to fluoroscopic image inten- 
sification, 77 
CREVELD DISEASE (chondroectodermal 
dysplasia) (ab), 417 
EMBOLISM, acute aortic, lumbar aortography in (ab), 
844 
EmpHySseEMA, generalized pulmonary, as_ isolated 
manifestation of early cystic fibrosis of pan- 
creas (ab), 407 
ENCEPHALOPATHY, post-traumatic, of sub-acute de- 
velopment, type of, with blindness and 
severe irreversible psychic disturbances 
(ab), 1025 
EnpocarpiAL fibroelastosis; roentgen appearance 
(ab), 184 
ENDOMETRIAL adenocarcinoma, treatment of; study 
of 381 cases at New York hospital, 508 
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ENTEROLITHS in small intestine, 343 
true, of small intestine (ab), 834 
EpIPpERICARDIAL fat pad, roentgenologic character- 
istics of (ab), 831 
EpipHysis, upper femoral, pathology of slipping of 
(ab), 1026 
EpIrHELIOMA, cylindro-stellate cell osseous, called 
adamantinoma (ab), 1213 
EpsiILOn SIGN OF FROSTBERG, anatomical basis for, 
282 
EsopHaGEAL and gastric diagnosis, barium in hydro- 
gen peroxide in (ab), 642 
ring, lower, 246 
spasm in infancy (ab), 1020 
Esopuacitis and peptic ulcer of esophagus (ab), 187 
reflux (ab), 187 
Esopuacus, abdominal segment of, in presence of 
pneumoperitoneum, roentgenologic study 
of (ab), 189 
lower, and esophagogastric junction, roent- 
genologic study of (ab), 188 
opacified, in upright and recumbent positions, 
relationship of left atrium to (ab), 185 
spontaneous rupture of; with presentation of 
four new cases (ab), 408 
ExposuRE, operating room, new radium implant 
technique to reduce, and increase accuracy 
of placement, 495 
Extremities, fibrosarcoma of; review of forty-five 
cases (ab), 1212 


FaLLot’s TETRALOGY, complications following in- 
fundibular resection in (ab), 184 

FEET, congenital abnormalities of (ab), 199 

FEMORAL NECK, study of arterial vascularization of, 
in adult (ab), 645 

FIBRIN BODIES, persistent, presenting as coin le- 
sions (ab), 1017 

FiBROMA, non-osteogenic, of bone (ab), 200 

FIBROSARCOMA of extremities; review of forty-five 
cases (ab), 1212 

FILM MAGAZINE, roll, new twelve by twelve-inch, for 
rapid serial roentgenography (ab), 435 

Fitm Mount, photofluorographic, 153 

FistuLa, cardioaortic (ab), 830 

FisTULAS, spontaneous, between gallbladder and 
gastrointestinal tract (ab), 409 

FLuoroscopy, lowering dose to patient during (ab), 
216 

FORAMEN NERVI SUPRACLAVICULARIS, contribution 
on: double nerve canal of clavicle as diag- 
nostic source of error (ab), 197 

ForAMEN OF MorGacnl, parasternal diaphragmatic 
hernia through (ab), 408 

Fracture, developmental anomaly of lateral mal- 
leolus simulating (ab), 1026 

Fractures, supracondylar, of humerus in children, 
vascular and neural complications in (ab), 
200 
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FREEDMAN LecrurRE, 811 

FRIEDLANDER’S PNEUMONIA, 728 

FrostBeErG, epsilon sign of, anatomical basis for, 
282 


GALLBLADDER and gastrointestinal tract, spontane- 
ous fistulas between (ab), 409 
diverticula of, 360 
GARGOYLISM, incomplete form of; diagnostic im- 
portance of puncture biopsy of liver (ab), 
841 
Gas shadows, abdominal, morphological study of 
(ab), 834 
Gastrectomy, total, pneumoperitoneum in_pre- 
operative preparation for; experimental 
study (ab), 189 
Gastric adenomyosis vs. aberrant pancreas (ab), 
IgI 
lymphoma (ab), 640 
mucosa, ectopic, in congenital small bowel di- 
verticulum (ab), 190 
mucosa, prolapse of (ab), 832 
GASTROESOPHAGEAL incompetence, partial intra- 
thoracic stomach, and vomiting in infancy 
(ab), 188 
GASTRODUODENAL intussusception (ab), 1g0 
GASTROINTESTINAL roentgenology, development of, 
230 
tract and gallbladder, spontaneous fistulas be- 
tween (ab), 409 
tract, perforation of necrotizing primary retro- 
peritoneal tumors into (ab), 409 
tract, use of urokon (sodium-3-acetylamino- 
2,4,6-triiodobenzoate) in roentgen study of 
(ab), 188 
multiforme treated by neutron- 
capture therapy using boron 10, pathologi- 
cal study of eight patients with (ab), 651 
Giiomas, ossification in (ab), 1016 
Gop administration apparatus and technique for 
packaged doses, 1129 
GRAPHICAL METHOD for localization of radium sources 
for dosage calculation, 484 
Grass inflorescences as foreign bodies in respiratory 
tract (ab), 181 
Grip ratio and kilovoltage, effect of, on subject con- 
trast in radiography (ab), 216 
Gyneco.ocy and obstetrics, diagnostic radiology in 
(ab), 194 


Hampton, Ausrey O., 1900-1955, obituary, 396 
portrait, 396 
Heart DISEASE, operable, radiologic aspects of; ob- 
servations on preoperative approach to con- 
genital anomalies (ab), 183 
roentgen appearance of pulmonary veins in 
(ab), 420 
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Hemancioma of dorsal vertebra with collapse and 
compression myelopathy (ab), 1025 
Hemanciomarosis of skeleton and spleen (ab), 1209 
Hematoma, subdural, unusual findings in, by serial 

angiography (ab), 647 
HEMOTHORAX, spontaneous, rare case of (ab), 183 
Hepatic and portal circulation, roentgenodenso- 
metric recording of (ab), 209 
HeEparoGraPHuy after percutaneous lienoportal venog- 
raphy (ab), 208 
Hernia, hiatus, evaluation of various methods of 
demonstrating, 262 
parasternal diaphragmatic, through foramen of 
Morgagni (ab), 408 
subcostosternal diaphragmatic, with report of 
five cases, 269 
HrarAt HERNIA of stomach, multiple pharyngeal and 
esophageal diverticula, and chalasia of 
esophageal cardiac junction, 242 
Hiatus HERNIA, esophageal, and partial thoracic 
stomach in infancy and childhood (ab), 831 
gall stones and diverticulosis coli (Saint’s triad) 
(ab), 1021 
Hip, arthritis of, following urinary tract operation 
(ab), 418 
phlebography of (ab), 844 
Histiocyrosts and vertebra plana; report of case 
with involvement of five vertebrae (ab), 
1209 
HopcGKIn’s DISEASE, unusual x-ray appearances in 
(ab), 1212 
Humerus, vascular and neural complications in 
supracondylar fractures of, in children 
(ab), 200 
HypaQuE, experiences in intravenous urography 
using, 870 
new intravenous urographic medium, report on, 
865 
new urographic medium; preliminary report on 
300 cases (ab), 413 
preliminary clinical evaluation of, in excretory 
urography (ab), 194 
sodium 50 per cent in intravenous urography, 
clinical experiences with (ab), 413 
HyPERPARATHYROIDISM, primary (ab), 201 
primary, calcification and calculus formation in 
series of seventy cases of (ab), 1024 
unusual manifestations of (ab), 202 
Hyperostosis corticalis generalisata familiaris; 
uncommon familial systemic disease of 
skeleton (ab), 644 
HyperrensIon, unilateral renal, in girl cured by 
nephrectomy (ab), 1024 ; 
HysTEROSALPINGOGRAPHY with aqueous solution 
(ab), 838 
Hysrerostat, new type of, 500 


18, evaluation of methods of measuring accumula- 
tion of, by thyroid gland (ab), 652 
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in management of metastatic carcinoma of thy- 
roid, four cases illustrating use of, 1150 
labeled fat test meal, radioiodine recovery in 
feces following, 386 
pitfalls in diagnostic use of (ab), 653 
ILEO-cECAL VALVE, hypertrophied (ab), 1021 
in diseases (ab), 1021 
normal (ab), 642 
ILeEum following colectomy (ab), 642 
terminal, roentgenographic sign in obstruction 
of (ab), 833 
IMAGE amplifier control, needle renal biopsy under, 
953 
intensification (ab), 218 
intensification, fluoroscopic, electroluminescence 
and light-amplifying phosphors applied to, 
77 
INFUNDIBULAR resection in Fallot’s tetralogy, com- 
plications following (ab), 184 
INSULIN-INDUCED hypermotility in roentgen ex- 
amination of stomach and duodenum (ab), 
640 
INTERSTITIAL administration of Au'®* in carcinoma 
of prostate, recording of radieactivity in 
blood, liver, and prostate following, 1132 
cobalt 60, some practical adjunctive measures in 
handling of, 1093 
implantation of radioactive materials, study of 
methods for, 1084 
INTESTINAL OBSTRUCTION, acute, reversed rotation 
of bowel causing (ab), 833 
INTESTINE, small, enteroliths in, 343 
small, malignant melanoma of (ab), 833 
small, true enteroliths of (ab), 834 
INTRACRANIAL trauma, angiography in evaluation of 
(ab), 1016 
INTRATHORACIC mass lesions, radiotherapeutic test; 
unreliable diagnostic procedure in (ab), 425 
INTUSSUSCEPTION, gastroduodenal (ab), 190 
IRRADIATION, aimed intracavitary, with  radio- 
thulium (ab), 214 
effect of, on hypertrophic tonsils and adenoids 
(ab), 211 
of hypertrophic tonsils and adenoids in young 
children (ab), 212 
role of, in treatment of Wilms’ tumor in chil- 
dren, 971 
therapy, intensive divided-dose, of carcinoma 
of uterine cervix; rational and late results, 
502 
therapy, two million volt, for inoperable carci- 
noma of lung (ab), 1215 
whole-body, effect of magnesium on response of 
mice to large doses of (ab), 436 
TRRADIATIONS, ultrafractionated, additional investi- 
gations of biologic effects of (ab), 217 
IsoposeE curves for superficial therapy (ab), 1214 
Isotope dilution techniques, some applications of, 
1059 
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studies of blood flow and blood cells, 1068 
Jsoropes, course in, 811 
radioactive, course on clinical use of, 172 
radioactive, in community hospital (ab), 426 
Isoropic determination of blood volume in normal 
aged, 1082 


Jaunpice, obstructive, duodenal ulcer as occasional 
etiologic factor in (ab), 190 

JAw BONES, carcinomatous invasion of, roentgeno- 
graphically considered (ab), 637 


Kaposi’s DISEASE; report of unusual case (ab), 424 
KIDNEY, arterial infarction of (ab), 194 
calyceal cysts of (ab), 414 
clearance test, distribution of radioactive pera- 
brodil M in human body and its use for 
(ab), 840 
KILOVOLTAGE and grid ratio, effect of, on subject 
contrast in radiography (ab), 216 
KymoGraM, slit, of normals and subjects with mitral 
stenosis, effect of posture and respiration 
on, 160 
Kypuosis, juvenile, etiology of (ab), 1208 
pre-adolescent, etiology of (ab), 1208 


Lasor, correlation of type of, with roentgen find- 
ings (ab), 193 
LAMINAGRAPHY in acute maxillofacial injuries (ab), 
406 
LaTHYRISM in rat, roentgenography of osteoporosis 
due to; effect of rock phosphate in diet (ab), 
199 
DISEASE, protein-bound iodine 
654 
Lesions with chronic symptoms producing pyloric 
obstruction and gastric decompensation 
(ab), 636 
LEUKEMIA and pregnancy (ab), 657 
chronic myelogenous, solitary lytic bone lesion 
in adult with (ab), 199 
Limy pucTUS CHOLEDOCHUS (ab), 192 
LinpAu’s DISEASE, unusual case of, 912 
LINEAR ACCELERATOR, medical research council, 8 
mev., performance of (ab), 425 
Lipiopot, cholekinetic effect of (ab), 836 
Liver, diagnostic importance of puncture biopsy of; 
incomplete form of gargoylism (ab), 841 
diseases, studies concerning use of new biliary 
contrast medium in normal and in (ab), 835 
Lorporic position in fluoroscopy and roentgenog- 
raphy of chest, 682 
Los ANGELEs invites radiologists, 1007 
Los ANGELES RapIioLoGicaL Society, 172 
Low-Beer, Bertram V. A., obituary, 1199 
portrait, 1199 
Memorial Fund, 811 
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LumBaAR DISK lesions, discography in evaluation of 
(ab), 842 
LuNG, carcinoma of, and tuberculosis, coexistent 
(ab), 827 
dependent, postoperative status of (ab), 827 
osteoarthropathy in carcinoma of (ab), 181 
significance of lateral subsegments of, in pul- 
monary disease (ab), 826 
supervoltage roentgen therapy in cancer of, 525 
LunGs, secondary vascular changes in, 758 
Lympu drainage from breast to axillary and para- 
sternal lymph nodes, studied with aid of 
colloidal Au'®* (ab), 423 
LyMPHANGIECTASES, multiple, of bone (ab), 199 
LymMpHANGIOGRAPHY by radiological methods (ab), 
422 
LympHoma, gastric (ab), 640 
Marrucci’s  syNDROME (dyschondroplasia and 
hemangiomata) (ab), 200 
MaGnesiuM, effect of, on response of mice to large 
doses of whole-body irradiation (ab), 436 
Ma teo.us, lateral, developmental anomaly of, 
simulating fracture (ab), 1026 
MAXILLARry sinus, stone in (ab), 180 
MAXILLOFACIAL injuries, acute, laminagraphy in 
(ab), 406 
MECKEL’sS DIVERTICULUM, demonstration and pa- 
thology of (ab), 409 
with emphasis on roentgen diagnosis (ab), 643 
MeptiastINnat phlebography, transosseous (ab), 421 
shadow, surgical implications of, in thoracic 
roentgenograms of infants and children (ab), 
186 
tuberculosis, problem of (ab), 186 
MEDIASTINUM, anterior, roentgenologic-clinical dif- 
ferential diagnosis of space-occupying proc- 
esses in: Cyst or aneurysm? (ab), 829 
superior, modification of routine lateral view of 
chest to permit visualization of, 767 
MELANoma, malignant epibulbar (ab), 425 
malignant, of small intestine (ab), 833 
MESOTHELIOMA, pleural, roentgen aspects of (ab), 
408 
MIcROANGIOGRAPHIC study on effect of gonado- 
trophin upon blood vessel system of ovaries 
of rabbits (ab), 657 
MicrorapioGraPHy, further studies in, 366 
projection microradiography (ab), 656 
review (ab), 655 
sealed-off x-ray tube for contact-microradiog- 
raphy (ab), 656 
MIDDLE-LOBE SYNDROME (ab), 638 
MILKMAN’S PSEUDOFRACTURES of ribs following ex- 
traperiosteal Ivalon pack (ab), 645 
MITRAL STENOSIS, pulmonary arterial oligemia in, as 
revealed on plain roentgenogram (ab), 101g 
Monitorinc background by means of statistical 
control chart, method for, 1174 
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Mouth, cancer of floor of, 515 

Mucosa studies, radiolucent pneumatic compres- 
sor for (ab), 408 

Mucous coton (ab), 191 

Mye ocra in avulsion of brachial plexus (ab), 197 

Mye.ocrapHy and_ discography, comparative 
studies of (ab), 197 

pitfalls of (ab), 840 

MyeE toma, multiple, treatment of, with radioactive 
iodine and radioactive iodinated serum al- 
bumin (ab), 430 

MyeELopatuHy, compression, and collapse, heman- 
gioma of dorsal vertebra with (ab), 1025 


NasopHARYNx, rhabdomyosarcoma of (ab), 406 

Neo-1opax and urokon, comparative study of; in- 
travenous urography, 855 

Neop-asia in children treated with x-rays in infancy 
for thymic enlargement (ab), 212 

Neop as, blood clot in stomach simulating, 308 

Neop.asMs, polypoid, roentgen simulation of, by 
invaginated appendiceal stumps, 380 

NEPHRECTOMY, unilateral renal hypertension in girl 
cured by (ab), 1024 

NEPHROGRAMS, use of bag ureteral catheters for: 

bstructive nephrograms (ab), 839 

NEPHROTOMOGRAPHY (ab), 195 

NEUROMUSCULAR disorders of urinary tract in chil- 
dren (ab), 414 

Neurospora, genetic and nongenetic effects of radia- 
tions in (ab), 658 

NEUTRON CAPTURE THERAPY; slow neutron depth dis- 
tribution measurements in tissue, 609 

using boron 10, pathological study of eight pa- 

tients with glioblastoma multiforme treated 
by (ab), 651 

NintH ANNUAL CONFERENCE ON ELecrricat TECH- 
NIQUES IN MEDICINE AND BIoLoGy, 1007 

NoMoGRAPHIC WHEEL for three dimensional localiza- 
tion of radium sources and calculation of 
dose rate, 476 

NUCLEAR MEDICINE (E), 1195 

development of, 1027 


Oak RipceE Instirute or NucLear STUDIES 
Course in Radioisotope Techniques, 629 
Institutes for science teachers, 628 
Oak Ridge Graduate Fellowship Program, 629 
Osstetrics and gynecology, diagnostic radiology in 
(ab), 194 
importance of flat sacrum in (ab), 838 
OssrructIoN, pyloric, and gastric decompensation, 
lesions with chronic symptoms producing 
(ab), 639 
Occ.usion of mesenteric vessels, roentgen examina- 
tion in cases of (ab), 838 
OccuPATIONAL HAZARD, ornithosis as (ab), 423 
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Onto Strate Society, 811 

Oi granulomas of therapeutic origin, simulation of 
cancer by (ab), 1212 

OLIGEMIA, pulmonary arterial, in mitral stenosis as 
revealed on plain roentgenogram (ab), 1019 

OuicuriA following diagnostic translumbar aortog- 
raphy (ab), 205 

OpHTHALMIC artery in carotid angiograms (ab), 203 

OrsirTat glands, x-ray irradiation of, of rabbit (ab), 
434 

ORNITHOSIS as occupational hazard (ab), 423 

OssIFICATION in gliomas (ab), 1016 

OsTEITIS DEFORMANS, circulatory dynamics in (ab), 
845 

OsTEOARTHROPATHY, generalized hypertrophic, in as- 
sociation with bronchial carcinoma (ab), 
407 

in carcinoma of lung (ab), 181 

OsTEOCHONDRITIS DISSECANS of talus (ab), 644 

OsTEOCHONDRODYSTROPHY as result of or in relation 
to pseudo-hypoparathyroidism (ab), 1208 

OsTEOCHONDROSIS in cervical spine (ab), 416 

Osteoporosis, bone density measurements of, in 
aged (ab), 415 

due to lathyrism in rat, roentgenography of; 

effect of rock phosphate i in diet (ab), 199 

OsTEOMYELITIS, spinal, associated with urinary 
tract infections (ab), 418 

OVAL WINDOW, roentgenographic image of (ab), 826 

OvaRIES, microangiographic study on effect of 
gonadotrophin upon blood vessel system of, 
of rabbits (ab), 657 


Pancreas, aberrant, gastric adenomyosis, vs. (ab), 
annular (ab), 837 
annular, as surgical problem (ab), 837 
annular, in adult, 333 
generalized pulmonary emphysema as isolated 
manifestation of early cystic fibrosis of 
(ab), 407 
radiographic diagnosis of carcinoma of head of 
(ab), 837 
roentgen irradiation of; experiments in white 
rats (ab), 1215 
Pancreatic NEcROSIS, fatal, following choledochot- 
omy and cholangiography (ab), 837 
PanromoGrapuy for clinical examinations, applica- 
tion of (ab), 215 
PaRAGONIMIASIS, pulmonary, roentgen character- 
istics of (ab), 407 
Paroritis, chronic “‘sialectatic,” in light of patho- 
logical studies on parotidectomy material 
(ab), 826 
PATENT DUCTUS ARTERIOSUS, coarctation of aorta 
with (ab), 830 
PaTeERSON-PARKER system in interstitial radium ther- 
apy, application of, 457 
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Pe.vic phlebography, some aspects of technique in 
(ab), 421 
Penis, plastic induration of, etiology, clinical fea- 
tures and therapy of (ab), 1215 
PeRaABRODIL M, radioactive, distribution of, in hu- 
man body and its use for kidney clearance 
test (ab), 840 
PERIPHERAL circulation, evaluation of, with radio- 
active iodinated serum album'n (ab), 430 
Perkins, CuHar.es W., 1878-1954, obituary, 398 
portrait, 398 
PHARYNGEAL DIVERTICULA, lateral, 238 
PuHarynx, thymic tumor of (ab), 406 
PHLEBOGRAPHY, ascending, in venous insufficiency 
(ab), 649 
of hip (ab), 844 
of lower extremity in semi-erect position, anal- 
ysis of method of (ab), 207 
pelvic, some aspects of technique in (ab), 421 
transosseous mediastinal (ab), 421 
PuospuHors, light-amplifying, and electrolumines- 
cence, applied to fluoroscopic image in- 
tensification, 77 
film mount, 153 
PINHOLE CAMERA, multiple, for accurate centering of 
roentgen-ray tube in its housing, 149 
PLacENTOGRAPHY in late bleeding of pregnancy, 
evaluation of (ab), 192 
PLANIGRAPHY in differential diagnosis of pulmonary 
nodule (ab), 828 
PLeuRA, mediastinal (ab), 185 
PLEuRAL effusion, infrapulmonary, diagnosis of (ab), 
638 
effusion, loculated interlobar, due to congestive 
heart failure (ab), 639 
lymphatic dilatation, recognition and _ signifi- 
cance of (ab), 185 
PLUTONIUM, comparison of hematologic effects of in- 
ternally deposited radium and, in dogs 
(ab), 432 
PneumMococrapHy as aid in diagnosis of gynecologic 
disease (ab), 839 
PNEUMOGRAPHY, mediastinal, 771 
Pneumonia, Friedlander’s, 728 
Pyeumonitis following radiation therapy of cancer 
of breast by tangential technic (ab), 213 
PNEUMOPERITONEUM, roentgenologic study of ab- 
dominal segment of esophagus in presence 
of (ab), 189 
in preoperative preparation for total gastrec- 
tomy (ab), 189 
PNEUMORETROPERITONEUM in suprarenal disease 
(ab), 196 
PotiomyE.itis, development of calcanean foot de- 
formity after (ab), 198 
PoLycyTHEMIA with radioactive phosphorus, treat- 
ment of (ab), 21 
Potyposis, generalized gastrointestinal unusual syn- 
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drome of polyposis, pigmentation, alopecia 
and onychotrophia (ab), 191 
Porracava. and splenorenal shunts, method for de- 
termining patency of (ab), 209 
Portat and hepatic circulation, roentgenodenso- 
metric recording of (ab), 209 
venous system: Its roentgen anatomy (ab), 208 
Post-CHOLECYSTECTOMY SYNDROME (ab), 410 
PreGnancy and leukemia (ab), 675 
evaluation of placentography in late bleeding of 
(ab), 192 
Provapse of gastric mucosa (ab), 832 
Propy.iopon-CILaG, isotonic, aqueous contrast me- 
dium suspension for bronchography (ab), 
829 
PropyLiopon-CILAG-SUSPENSION, new contrast me- 
dium for bronchography (ab), 828 
Prostate, carcinoma of, follow-up study of one 
hundred cases of, treated with radioactive 
gold (ab), 428 
therapy, blood-drop determination of Au!®* in 
(ab), 655 
Prostatic CANCER, palliative treatment of, with 
radioactive colloidal chromic phosphate 
(ab), 431 
ProsTaToGRAM, position of patient for roentgeno- 
logic interpretation of, 893 
PROTEIN-BOUND IODINE in Legg-Calvé-Perthes dis- 
ease (ab), 654 
PsEUDO-HYPOPARATHYROIDISM, — osteochondrodys- 
trophy as result of or in relation to (ab), 
1208 
Putmonary angiolaminagraphy, simultaneous mul- 
tiple, 129 
artery, congenital absence of main branch of 
(ab), 420 
changes in aluminum workers (ab), 182 
cysts following ingestion of household paraffin 
(ab), 828 
function, roentgenologic evaluation of, 668 
nodule, planigraphy in differential diagnosis of 
(ab), 828 
tuberous sclerosis, 748 
veins, roentgen appearance of, in heart disease 
(ab), 420 
PyELOGRAPHIC MEDIA, bacteriocidal additive for 
(ab), 644 


PyELOGRAPHY, excretory, in infants, 896 


RADIATION-ARSENIC PASTE INJURY, combined, Skele- 
tal findings following short-distance roent- 
gen therapy with large doses and case of 
(ab), 418 

RapiaTion damage of Drosophila eggs, comparative 
analysis of, with 180 kv. and 31 mev. (ab), 
436 

death, acute, of dogs receiving single massive 
dose of intravenous radioactive gold, 1139 
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distribution, device for control of, in moving 
beam therapy (ab), 217 

dose distribution of 3-15 mev. fast electrons, 
and several physical conditions affecting, 
from Siemens medical betatron (ab), 437 

hazards in use of thorium X for skin therapy 
(ab), 424 

in therapy of petic ulcer, 374 

parotitis from radioactive iodine therapy (ab), 
213 

pneumonitis, effect of ACTH and cortisone on, 
530 

protection, human, some aspects of problem of 
(ab), 218 

reaction of rat lung, effect of cortisone on, 796 

received by reproductive organs of patients dur- 
ing diagnostic x-ray examinations, quantity 
of (ab), 211 

sickness, clinical trial of cysteinamine (beta- 
mercaptoethylamine) in (ab), 433 

sickness in man following administration of 
therapeutic radioiodine; relationship be- 
tween latent period, dose-rate and body 
size (ab), 431 

therapy, management of patients receiving, 451 

total body, therapeutic use of single doses of, 
542 

Rapiations in Neurospora, genetic and nongenetic 
effects of (ab), 658 
RaproactiveE chromic phosphate in treatment of 

urological tumors (ab), 214 

colloidal chromic phosphate, palliative treat- 
ment of prostatic cancer with (ab), 431 

colloidal gold in control of malignant effusions; 
report and analysis of 60 patients, 1124 

gold, follow-up study of one hundred cases of 
carcinoma of prostate treated with (ab), 
428 

gold in treatment of ovarian carcinoma, 1117 

gold, intravenous, acute radiation death of dogs 
receiving single massive dose of, 1139 . 

gold, use of, in treatment of carcinoma of blad- 
der (ab), 432 

iodinated serum albumin, evaluation of periph- 
eral circulation with (ab), 430 

iodinated serum albumin, treatment of multiple 
myeloma with radioactive iodine and (ab), 
430 

iodine, pitfalls in diagnostic use of (ab), 653 

iodine, results in advanced cardiac disease from 
radiation resection or elimination of thy- 
roid by use of (ab), 430 ’ 

iodine therapy, radiation parotitis from (ab), 
213 

iodine, thyroidal uptake of, as modified by 
iodine-restricted diet (ab), 428 

isotopes, course in medical uses of, 400 

isotopes, differential absorption of, in artificially 
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constructed and normal bladders in dogs 
(ab), 433 
isotopes in community hospital (ab), 426 
materials, study of methods for interstitial im- 
plantation of, 1084 
perabrodil M, distribution of, in human body 
and its use for kidney clearance test (ab), 
840 
phosphorus in localization of brain tumors (ab), 
213 
phosphorus, investigations of morphologic tissue 
changes produced by (ab), 431 
phosphorus, treatment of polycythemia with 
(ab), 214 
yttrium (Y°*) as possible adjunct in treatment of 
papillomatosis of urinary bladder (ab), 429 
Raptoactiviry in blood, liver, and prostate following 
interstitial administration of Au!® in carci- 
noma of prostate, recording of, 1132 
RapioGRAPHY, contrast, experimental study of 
zirconium compounds in (ab), 435 
effect of kilovoltage and grid ratio on subject 
contrast in (ab), 216 
Rapio1opinE, evaluation of gland depth error in 
measuring thyroid uptake of (ab), 427 
(I'*") procedure, simple, substernal thyroid 
identified by, 1144 
recovery in feces following I'*! labeled fat test 
meal, 386 
report on diagnostic and therapeutic use of, in 
thyroid carcinoma (ab), 427 
studies with; collimating cones for crystal coun- 
ters (ab), 428 
studies with; validity of histologic determination 
of I'*' radiation changes in thyroid gland 
(ab), 429 
therapeutic, radiation sickness in man following 
administration of; relationship between 
latent period, dose-rate and body size (ab), 
431 
treatment of euthyroid cardiac disease; four 
years of experience with two hundred 
thirty-one patients (ab), 653 
treatment of thyrotoxicosis with (ab), 427 
uptake in thyroid carcinomata (ab), 427 
Rapiotsorore localization, diagnostic tests that de- 
pend on, 1040 
Rapioisoropes, experiment designed to test validity 
of current practice of using single exposure 
data to calculate maximum permissible 
concentration in water for continuous ex- 
posure to, 1177 
calcification on posterior fossa tu- 
mors (ab), 405 
Rapro.ocicat Society oF NortH AMERICA, 629 
Rapio.ocy and its contribution to urology (E), 995 
diagnostic, in obstetrics and gynecology (ab), 
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of bony thorax and sternum, new technic for 
(ab), 199 
rural, some problems of (ab), 210 
technical development of, 1906-1956, 7 
RADIOMICROGRAPHY of autopsy brain; normal pat- 
tern (ab), 658 
RaDIOTHERAPEUTIC test; unreliable diagnostic pro- 
cedure in intrathoracic mass lesions (ab), 
425 
RADIOTHERAPY, dose-time relationship in, 590 
RaDIOTHULIUM, aimed intracavitary irradiation with 
(ab), 214 
Rapium and plutonium, comparison of hematologic 
effects of internally deposited, in dogs 
(ab), 432 
-burdened animals, spectrometric method for 
study of radon partition in (ab), 434 
deposition, late skeletal roentgenographic, his- 
topathological, autoradiographic and radio- 
chemical findings following, 559 
doses, instrument for calculating, 497 
implant technique, new, to reduce operating 
room exposure and increase accuracy of 
placement, 495 
inhalation accident—radium excretion study, 
548 
sources and calculation of dose rate, nomo- 
graphic wheel for three dimensional local- 
ization of, 476 
sources for dosage calculation, graphical method 
for localization of, 484 
therapy in United States, 1906-1956, back- 
ground of, 443 
therapy, interstitial, application of Paterson- 
Parker system in, 457 
RaDOn partition, spectrometric method for study of, 
in radium-burdened animals (ab), 434 
Rectum, sarcoidosis of (ab), 409 
REGIONAL ENTERITIS, chronic, in childhood (ab), 833 
RENAL NEEDLE Biopsy under image amplifier con- 
trol, 953 
REspIRATORY TRACT, grass inflorescences as foreign 
bodies in (ab), 181 
RETROPERITONEAL TUMORS, necrotizing primary, 
perforation of, into gastrointestinal tract 
(ab), 409 
RHABDOMyOSARCOMA of nasopharynx (ab), 406 
Riss, Milkman’s pseudofractures of, following extra- 
periosteal Ivalon pack (ab), 645 
Rock PHOSPHATE in diet, effect of; roentgenography 
of osteoporosis due to lathyrism in rat (ab), 
199 
Rocky Mountain Rapio.ocicat Society, 1007 
ROENTGEN abnormalities of large and small intestine 
associated with prolonged cathartic inges- 
tion (ab), 642 
anatomy; portal venous system (ab), 208 
appearance of adamantinoma of mandible (ab), 
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appearance of pulmonary veins in heart disease 
(ab), 420 
aspects of intrathoracic blastomycosis, 751 
aspects of pleural mesothelioma (ab), 408 
characteristics of pulmonary paragonimiasis 
(ab), 407 
diagnosis of abdominal tumors in infants and 
children, simple approach to, 977 
examination in cases of occlusion of mesenteric 
vessels (ab), 838 
examination of stomach and duodenum, insulin- 
induced hypermotility in (ab), 649 
film, evolution of, 30 
findings, correlation of type of labor with (ab), 
193 
findings in adenomyosis (ab), 193 
irradiation of orbital glands of rabbit (ab), 434 
irradiation of pancreas; experiments in white 
rats (ab), 1215 
-ray examinations, routine diagnostic, quantity 
of radiation received by reproductive or- 
gans of patients during (ab), 211 
ray generators, half century’s development of 
(E), 166 
-ray hazards of retrograde urography, study of 
(ab), 415 
ray injuries to dentists, diagnosis, treatment 
and prognosis of (ab), 210 
-ray stand, improved (ab), 435 
rays and beta rays, relative biologic effects of 
(ab), 436 
-rays and fast neutrons, production of cataracts 
in animals by (ab), 
therapy in treatment of tonsillar disease (ab), 
211 
therapy, short-distance with large doses, skeletal 
findings following, and case of combined 
radiation-arsenic paste injury (ab), 418 
therapy, supervoltage, in cancer of lung, 525 
treatment, correlation of field size and cancero- 
cidal dose in skin cancer, 581 
tube, ultra-fine focus, roentgen examination of 
old and new trauma of spine with, 144 
ROENTGENKYMOGRAPHY, bi-axial, 785 
ROENTGENODENSOMETRIC recording of hepatic and 
portal circulation (ab), 209 
ROENTGENOGRAM, plain, pulmonary arterial oligemia 
in mitral stenosis as revealed on (ab), 1019 
ROENTGENOGRAMS, reproduction of; method to im- 
prove lantern slides and _ photographic 
prints, 155 
thoracic, of infants and children, surgical impli- 
cations of mediastinal shadow in (ab), 186 
ROENTGENOGRAPHIC image of oval window (ab), 826 
sign in obstruction of the terminal ileum (ab), 
833 
visualization of adrenal glands: Use of aortog- 
raphy and/or retroperitoneal pneumogra- 
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phy to visualize adrenal glands: ‘Com- 
bined adrenalography” (ab), 415 
ROENTGENOGRAPHY, contact-short distance, of skull 
(ab), 637 
high tension switch tube for, 83 
rapid serial, new twelve by twelve-inch roll film 
magazine for (ab), 435 
ROENTGENOLOGIC-CLINICAL differential diagnosis of 
space-occupying processes in anterior medi- 
astinum: Cyst or aneurysm? (ab), 829 
RoENTGENOLOGIC evaluation of pulmonary function, 
668 
manifestations of synovial sarcoma (ab), 1212 
method for demonstration of bronchopulmonary 
segments in fully expanded cadaver lungs 
in situ, 779 
methods, lymphangiography by (ab), 422 
study of abdominal segment of esophagus in 
presence of pneumoperitoneum (ab), 189 
study of esophagogastric junction, and lower 
esophagus (ab), 188 
ROENTGENOLOGICAL findings in gastric and duodenal 
ulcers in children (ab), 640 
ROENTGENOLOGY, debt of surgery to (E), 391 
early history of, in Philadelphia, 14 
gastrointestinal, development of, 230 
of chest, fifty years of progress in, 659 
of colon, application of silicones to; pilot study 
(ab), 643 
relation of thoracic surgery to (E), 808 
role of, in development of urology, 847 
Ross Go.pen Lecture, 811 
Roration THERAPY, dosage calculations for; with 
special reference to cobalt 60, 1105 
Rupture, spontaneous, of esophagus; with presenta- 
tion of four new cases (ab), 408 


Sacrum, flat: Its importance in obstetrics (ab), 838 
Saint’s TRIAD (hiatus hernia, gallstones and di- 
verticulosis coli) (ab), 1021 
Sarcorposis, evaluation of intrapulmonic adenop- 
athy in (ab), 183 
of rectum (ab), 409 
Sarcoma of stomach (ab), 832 
primary reticulum-cell, of bone with emphasis 
on roentgen aspects (ab), 417 
synovial, roentgenologic manifestations of (ab), 
1212 
SCREEN INTENSIFICATION: Review of past and pres- 
ent research with an analysis of future de- 
velopment, 69 
SELLA TuRCICA, enlargement of (ab), 637 
SEPTAL DEFECT, ventricular, and aortic insufficiency, 
combined (ab), 1020 
SEVENTH INTERNATIONAL ConGress OF RapDIOLocy, 
publications from, 400 
SICKLE-CELL diseases and abnormal hemoglobin 
traits, dental bone changes occurring in 
(ab), 842 
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Sicmorp and left colon, acute diverticulitis of (ab), 
1022 
or urinary tract, vertebral osteomyelitis follow- 
ing operation on, 938 
SILICONES, application of, to roentgenology of colon; 
pilot study (ab), 643 
SKELETAL, late, roentgenographic, histopathological, 
autoradiographic and radiochemical! find- 
ings following radium disposition, 559 
lesions, significance of, in infants resembling 
those of traumatic origin (ab), 198 
SKELETON, uncommon familial systemic disease of; 
hyperostosis corticalis generalisata famili- 
aris (ab), 644 
and soft tissue surface, simultaneous demonstra- 
tion of (ab), 216 
and spleen, hemangiomatosis of (ab), 1209 
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